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J2 (57) Abstract: The invention relates to a method for growing single crystals of Perovskite Oxides. The method is characterized by 
comprising the steps of (a) contacting a Perovskite seed single with a Perovskite polycrystal and (b) heating the contacted crystals to 

I? grow the same structure as the single crystal into the polycrystal, the heating is controlled under conditions which abnormal grains 
growth is induced in the contacted portion while repressed in the inside of the polycrystal. The method for growing single crystals of 
Perovskite Oxides according to this invention has an advatange to provide an effective low cost in manuf actuating process for single 
crystals by using usual heat -treatment process without special equipments. The method for growing single crystals of Perovskite 
Oxides according to this invention can be also applicable to other material systems showing abnormal grain growth behavior. 
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including optical, piezoelectric, electric or mechanical field* etc., and the application 
fields will be extended with industry development. 

The single crystals of undoped barium titanate and barium titanate solid solution 
are widely used as a material for piezoelectric devices and optical devices such as optical 
5 valve, optical interrupter, and phase-matching mirror, etc. and considered as a promising 
substrate material for various thin film elements. In Pb-type perovskite oxides, 
particularly, the single crystals of Pb(Zr x Ti|. x )0 3 (PZT) ? (l-x)Pb(Mgi/3Nb2/3)0 3 - 
xPbTi0 3 (PMN-PT) or (l-x)Pb(Zn 1/3 Nb2/3)03-xPbTi03(PZN), etc. and the solid solution 
thereof are considered as promising materials for electronic devices, because of their 

10 high dielectric and excellent piezoelectric properties such as remarkable electro- 
mechanical coupling factors. 

The conventional methods for growing a single crystal of barium titanate 
(BaTi0 3 ). barium titanate solid solution, Pb-type perovskite and Pb-type perovskite solid 
solution require expensive facilities, however, involves many problems in producing a 

15 large amount of big single crystals because of extremely complicated process for 
growing the single crystals and have difficulty in the application because of the high 
expense. In particular, Pb-type perovskite oxides have serious problems because lead 
oxide(PbO) having a strong volatility volatilizes when single crystals grow. Further, the 
conventional methods for growing a single crystal of Pb-type perovskite oxides and the 

20 solid solution thereof necessarily require a melting process, and thus make the entire 
composition change and the phase of the perovskite unstable owing to the volatilization 
of PbO. Therefore, it is difficult to produce a single crystal having a desired size and 
property. In addition, it is difficult to produce in large quantities because of the difficulty 
in the production processes and the requirement of expensive facilities. 

25 Since the emergence of Flux method for single crystal growth of (1- 
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x)Pb(Mg]/3Nb2/3)03-xPbTi03(PMN-PT), the subsequent methods for single crystal 
growth have been developed such as the Bridgman Method, etc. However, these general 
methods such as Flux Method or Bridgman Method using a melting process, etc. present 
some problems in the production of PMN-PT single crystal in that it is difficult to 
5 maintain the uniform composition of the growing single crystal owing to the 
volatilization of PbO during the melting process. Therefore, the processes require 
complex facilities and skilled functions and are difficult to produce single crystals in 
large quantities at low costs. 

The production of single crystals of Pb(Zr x Ti]_ x )03(PZT) having an actually 

10 applicable size by general liquid-state single crystal growth methods is considered to be 
impossible, because of the difficulty in repression of the strong volatilization of PbO and 
the separation to liquid phase and ZrCh during melting, i.e., Incongruent Melting. In case 
of the mass production of single crystals of PZT, which is one of materials having the 
most excellent piezoelectric property, the produced PZT can substitute for the 

15 conventional piezoelectric polycrystal and materials for single crystals in various 
application fields. 

Grain growth takes place during the step of sintering polycrystals, in which case 
only a few grains are sometimes rapidly grown in an abnormal manner relative to the 
most normal grains. It is appreciated that controlling the growth of such a few abnormal 
20 grains in polycrystals may allow single crystal to be easily produced without a melting 

process. 

A general method for single crystal growth using the melting process is called 
Liquid-state Single Crystal Growth (LSCG) method, and a method for single crystal 
growth by heat treatment of polycrystals is referred to as Solid-state Single Crystal 
25 Growth (SSCG) method. The SSCG method has been suggested since the 1950 ? s and 
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demonstrated as an effective method of preparing single crystals of a metal, which is 
limited to only a few types. It is however reported that the method has a difficulty in 
preparing single crystals large enough for practical use from an oxide, because the 
growth is too slow in grain growth and hard of controlling nucleation of abnormal grains. 
5 Since the emergence of the Flux method for single crystal growth of barium 

titanate, the subsequent methods for single crystal growth of barium titanate have been 
developed such as Zone Melting method and the Top-Seeded Solution Growth (TSSG) 
method. The single crystals of barium titanate grown by the Flux method have a 
thickness of less than 1 mm and a diameter of several millimeters and thus actually 

10 restrained in practical uses. It is known that the TSSG method, which has the advantages 
of the Flux method and the Czochralski method, is applicable to the growth of relatively 
large single crystals of barium titanate almost without residual stress. However, the 
TSSG method also requires complicate facilities and skilled functions and is inadequate 
as a method for preparing a large amount of single crystals at a low cost. 

15 Meanwhile, there has been made an attempt to obtain single crystals by 

subjecting polycrystals of ferrite, barium titanate [BaTi0 3 ]. aluminum oxide [AI2O3] and 
PMN-PT to heat treatment through Solid-State Single Crystal Growth(SSCG) Method. 
This method for single crystal growth involves sintering a powder impregnated with 
single crystals as seed single crystals or providing an interface between the polycrystals 

20 and the seed single crystals, followed by heat treatment. Disadvantageous!^ the method 
is not suitable to preparing single crystals large enough for practical uses such as more 
than several mm because the growth of single crystals is retarded relative to the 
conventional Liquid-State Single Crystal Growth methods. Even though single crystals 
are produced by using abnormal grain growth phenomenon occurring in the polycrystaL 

25 it is difficult to continue to grow single crystals because the abnormal grains of the 
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polycrystal repress the growth of the seed single crystals when the growing seed single 
crystals meet peripheral abnormal grains. Therefore, the conventional Solid-State Single 
Crystal Growth(SSCG) method is less advantageous than the conventional Liquid-State 
Single Crystal Growth method, in that it is difficult to produce single crystals having an 
5 actually applicable large size and the reproduction possibility is low because it is 
impossible to control the abnormal grain growths occurring inside the polycrystal by the 
method. In particular, in the case of PMN-PT, it is difficult to produce single crystals 
having a size of more than several mm because of the trouble in the control of abnormal 
grain growths in the polycrystal . 

10 For single crystal growth of barium titanate [BaTi0 3 ] ? there is reported a method 

for preparing single crystals by adding particles having a (111) double twin plate or a 
seed forming agent to form a (111) double twin plate. However, this method also has 
problems in that it cannot produce single crystals without a (111) double twin plate and 
cannot produce in large quantities single crystals large enough for practical use at low 

15 costs because it is difficult to control secondary abnormal grain growth, create a single 
crystal and continue to grow only the single crystal. 

DISCLOSURE OF THE INVENTION 

It is, therefore, an object of the present invention is to overcome the problems of 
20 the conventional single crystal growth method (i.e., liquid-state single crystal growth 
method) requiring a melting process, and to provide a method for growing single crystals 
of undoped barium titanate, barium titanate solid solution, various perovskite oxides, 
including Pb-type perovskite such as PbTi0 3 (PT), Pb(Zr x Tii. x )0 3 (PZT), 
Pb(Mgi/ 3 Nb 2/3 )0 3 (PMN), (l-x)PMN-xPT, Pb(Zni 0 Nb 2 / 3 )0 3 (PZN) or (l-x)PZN-xPT and 
25 perovskite oxide solid solution through Solid-State Single Crystal Growth(SSCG) 
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Method, by effectively controlling abnormal grain growths occurring in polycrystals, 
only by a general heating process without a special apparatus, thereby allowing the mass 
production of single crystals at low costs with high reproduction possibility. 

7b achieve the object of the present invention, there is provided a method for 
5 growing single crystals of perovskite oxides, which show abnormal grain growths by 
means of heating, the method comprising the steps of (a) having a perovskite seed single 
crystal adjoined to a perovskite polycrystal: and (b) heating the combination of seed 
single crystal and the polycrystal to provide a continuous growth of the same structure as 
the seed single crystal in the polycrystal, the heating being carried out under the 
10 condition that abnormal grain growths are induced in an interface between the 
polycrystal and the seed single crystal and are repressed inside the polycrystal. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an illustration showing a perovskite seed single crystal adjoined to a 
15 polycrystal of perovskite oxides in the method of the present invention; 

Fig. 2 is microscopic photographs of samples obtained by sintering (a) a powder 
molded body having the composition formula of (0.68)Pb(Mgi/ 3 Nb2/3)O3-(0.32)PbTiO 3 
and (b) a powder molded body having the composition formula of 
(0.5)Pb(Mgi/3Nb 2 /3)O3-(0.5)PbTiO 3 . at 1200 °C for 10 hours; 
20 Fig. 3 is a microscopic photograph of a sample obtained by sintering a powder 

molded body having the composition formula of (0.92)[(0.68)Pb(Mgi/3Nb 2 /3)O 3 - 
(0.32)PbTiO 3 H0.08)MgO. at 1200 °C for 10 hours; 

Fig. 4 is a microscopic photograph of a sample obtained by sintering a powder 
molded body having the composition formula of (0.92)[(0.68)Pb(Mgi/3Nb 2 / 3 )O3- 
25 (0.32)PbTiO :i ]-(0.08)PbO. at 1200 °C for 10 hours; 
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Fig. 5 is microscopic photographs of samples obtained by sintering powder 
molded bodies, which are (a) 2% Mg-deficient (-2Mg), (b) 1% Mg-deficient (-lMg), (C) 
0% Mg-deficient (OMg) and (d) 1% Mg-extra (lMg) in the composition formula of 
(0.92)[(0.68)Pb(Mg| /3 Nb2/3)O3-(0.32)PbriO3H0-08)PbO, at 1200 °C for 10 hours; 
5 Fig. 6 is microscopic photographs of samples obtained by sintering powder 

molded bodies, which are (a) 2% Mg-deficient (-2Mg), (b) 1% Mg-extra (lMg) in the 
composition formula of (0.92)[(0.68)Pb(Mg 1/3 Nb 2/ 3)O3-(0.32)PbTiO3]-(0.08)PbO, at 
1200 °C for 10 hours; 

Fig. 7 is microscopic photographs of PMN-PT single crystals grown from 

] 0 samples obtained by embedding a seed single crystal of BaTi0 3 , which is a plate-shaped 
crystal of (a) (100) side, (b) (110) side and (c) (111) side, in powder molded bodies 
further having 1% extra Mg (lMg) in addition to the original Mg content in the 
composition formula of (0.92)L(0.68)Pb(Mg, /3 Nb2/ 3 )O3-(0.32)PbTiO 3 H0.08)PbO, and 
then heating the combination at 1200 °C for 10 hours; 

15 Fig. 8 is a microscopic photograph of a PMN-PT single crystal (diameter: 1.5cm) 

grown from samples obtained by embedding a seed single crystal of BaTi0 3 in powder 
molded bodies further having 1% extra Mg (IMg) in addition to the original Mg content 
in the composition formula of (0.92)[(0.68)Pb(Mg, /3 Nb 2/ 3)O3-(0.32)PbTiO 3 H0.08)PbO. 
and then heating the combination at 1200 °C for 20 hours; 

20 Fig. 9 is microscopic photographs of samples obtained by sintering powder 

molded bodies having x value of (a) 0.6 and (b) 0.25 in the composition formula of 
(0.9)[Pb(Zr x Ti K 0O 3 ]-(0.1)PbO, at 1200 °C for 3 hours; 

Fig. 10 is a microscopic photograph a sample obtained by embedding a seed 
single crystal of BaTi0 3 in a powder molded body having the composition formula of 

25 (0.9)[Pb(Zro.25Ti 0 75) 0 3 ]-(0.1)PbO, and then sintering the combination at 1200 °C for 10 
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hours; 

Fig. 11 is a microscopic photograph a sample obtained by embedding a seed 
single crystal of BaTiC>3 in a powder molded body having the composition formula of 
(0.9)[Pb(Zro.6Tio.4)0 3 ]-(0.1)[(0.95)PbO-(0.05)Cr 2 03], and then sintering the combination 
5 at 1200 °C for 10 hours; 

Fig. 1 2 is microscopic photographs of samples obtained by sintering powder 
molded bodies having the composition formula of (a) Pb(Zr 0 .52Tio.48)C>3 and (b) 
(0.7)Pb(Zro.52Tio.48)03-(0.3)PbZr0 3j at 1200 °C for 1 hour; 

Fig. 13 is a microscopic photograph showing a PZT single crystal grown from a 
10 sample obtained by embedding a seed single crystal of BaTiC>3, which is a plate-shaped 
crystal of (111) side, in a powder molded body having the composition formula of 
(0.8)[Pb(Zro.52Ti 0 48)0 3 ]-(0.2)PbZr0 3l and then heating the combination at 1200 °C for 10 
hours; 

Fig. 14 is a microscopic photograph showing a single crystal grown from a 

15 sample obtained by placing a small seed single crystal (diameter: 3 mm, thickness: 1.5 

mm) on the edge of a polycrystal of barium titanate, and then heating the combination for 

300 hours under the condition of a temperature gradient, which is 1350 °C on the side of 

the seed single crystal and a decreased temperature of slightly below 1350 °C on the 

opposite edge side of the sample; 

20 Fig. 1 5 is a microscopic photograph showing the appearance of a sample prepared 

by placing a single crystal of barium titanate including a (111) double twin plate on a 

polycrystal of barium titanate, and then heating the combination for 1 5 hours at 1350 °C; 

Fig. 16 is microscopic photographs showing the surface(a) and the cross 

section(b) of a sample prepared by placing a single crystal of barium titanate on a molded 

25 body and then heating at 1350 °C for 50 hours, wherein the molded body is formed by 

8 
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laminating in a row three powders(each thickness: 1.5 mm) having the composition 
formulas of (99.9)BaTiO 3 -(0.1)MnO 2 (mol%); (99.9)BaTiO 3 -(0.1)NbO 2 .5(mol%); and 
(99.9)BaTiO 3 -(0. l)Ce0 2 (mol%). 

5 BEST MODE FOR CARRYING OUT THE INVENTION 

Hereinafter, preferred embodiments of a method for growing single crystals of 
perovskite oxides according to the present invention will be described in detail with 
reference to the accompanying drawings. 

A method for growing single crystals of perovskite oxides according to this 

10 invention includes adjoining a seed single crystal of perovskite oxides, which shows 
abnormal grain growths by means of heating, to a perovskite polycrystal and then heating 
the combination of seed single crystal and the polycrystal in order to allow the same 
structure as the seed single crystal to continue to be grown in the polycrystal. The single 
crystal of perovskite oxides obtained by the above method has the same composition as 

15 die original polycrystal and the same structure as the seed single crystal. This single 
crystal is herein referred to "a single crystal having the composition of the polycrystar. 

The single crystals having various compositions produced according to this 
invention can be used as a seed single crystal in another method. In other words, single 
crystals can be produced by adjoining a single crystal produced according to this 

20 invention to a polycrystal, and then allowing a single crystal having the same structure as 
the seed single and the same composition as the polycrystal to continue to be grown. This 
recycling of single crystals can reduce the cost for production of single crystals. 

Fig. 1 is an illustration showing a perovskite seed single crystal (the primary seed 
single crystal is a single crystal of barium titanate) adjoined to a polycrystal of perovskite 

25 oxides in the method of the present invention. 
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As shown in Fig.l, the adjoining of a seed single crystal to a polycrystal includes 
placing the seed single crystal on the polycrystal or the powder molded body, embedding 
the seed single crystal in the powder molded body, or embedding the combination of the 
seed single crystal and the polycrystal in the powder molded body. 
5 Further, the method according to this invention is characterized in that the growth 

of the seed single crystal is promoted by using a plate-shaped or a "-shaped seed 
single crystal and thus increasing the number of the adjoined side of the polycrystal and 
the seed single crystal. 

In perovskite oxides, including Pb-type perovskite oxides, an abnormal grain 

10 growth takes places by composition changes of powders, formations of temperature 
gradients or local additions of additives during heating, etc. In addition, the abnormal 
grain growth activating temperature, the size and the number of the abnormal grains are 
affected by the composition changes of the powders, the formation of temperature 
gradients or the local additions of additives, etc. In the method according to this 

15 invention, the abnormal grain growth is repressed inside the polycrystal and is induced at 
the interface between the seed single crystal and the polycrystal by the composition 
changes of the powders, the formation of temperature gradients or the local additions of 
additives, etc., to grow single crystals having the same structure as the seed single crystal 
in the polycrystal. In particular, the abnormal grain growth in the polycrystal is 

20 controlled by controlling the component ratio of the polycrystal or adding excess specific 
components of the polycrystal. Under the above conditions, the abnormal grain growth is 
repressed inside the polycrystal and is induced at the interface between the seed single 
crystal and the polycrystal through a heat treatment. 

Further, the abnormal grain growth is controlled by continuing to heat the 

25 combination of the seed single crystal and the polycrystal such that the temperature of 
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the interface of the seed single crystal and the polycrystal is higher than the temperature 
of the polycrystal inside, and thus inducing the growth at the interface between the seed 
single crystal and the polycrystal and repressing inside the polycrystal. 

Further, additives for promoting an abnormal grain growth are added to the 
5 interface between the seed single crystal and the polycrystal in heat treatment, so as to 
rapidly grow a single crystal having the same structure as the seed single crystal and 
having a large size enough for a practice use. Said additives for promoting an abnormal 
grain growth by lowering the abnormal grain growth activating temperature are 
preferably one or more additives selected from the group consisting of AI2O3, B2O3, CuO, 

10 Ge0 2s Li 2 0 3 , P2O5. PbO, Si0 2 and V 2 0 5 . 

The method for single crystal growth according to this invention is characterized 
in that a perovskite single crystal having a large size of more than several cm is produced 
by an abnormal grain growth occurring at the interface between a seed single crystal and 
a polycrystal, and is produced by adjoining the single crystal prepared above as a seed 

15 single crystal to a polycrystal and then heating, to continue to grow a single crystal 
having the same structure as the seed crystal in the polycrystal. 

In the method according to this invention, said heating temperature is slightly 
lower than the abnormal grain growth activating temperature so that only the seed single 
crystal can be grown while the abnormal grain growths of single crystals other than the 

20 seed single crystal are repressed. 

In the method according to this invention, the polycrystal of perovskite oxides is 
characterized in that one or more additives selected from the group consisting of BaO, 
Bi 2 0 3 , CaO, CdO, Ce0 2 , CoO, Cr 2 0 3 , Fe 2 0 3 , HfD 2s K 2 0, La 2 0 3 , MgO, Mn0 2? Na 2 0 ? 
Nb 2 (X Nd 2 0 3 . NiO, PbO, Sc 2 0 3 , Sm0 2 , Sn0 2 , SrO, Ta 2 0 5 , Ti0 2 , U0 2 , Y 2 0 3 , ZnO, and 

25 Zr0 2 to be solid-solved into perovskite structures are added to the polycrystal. 
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Further, the method according to this invention is characterized by further 
comprising the steps of, prior to the adjoining of the seed single crystal to the polycrystal, 
predetermining the crystal orientation of the seed single crystal, grinding a specific 
crystal face of the seed single crystal in the crystal orientation determined, and adjoining 
5 the ground seed single crystal to the polycrystal to determine the crystal orientation of a 
single crystal to be grown in the polycrystal from the seed single crystal. This is based on 
that a single crystal to be grown in a polycrystal has the same crystal orientation as the 
seed single crystal. 

A single crystal grown from a seed single crystal into a polycrystal has the same 
10 shape as the polycrystal. Based on this theory, the method according to this invention is 
characterized by further comprising the step of: prior to the adjoining of the seed single 
crystal to the polycrystal, molding the polycrystal powder to a desired shape or 
processing the polycrystal into a complex shape, and then adjoining the shaped 
polycrystal to the seed single crystal, to produce a single crystal having a desired 
15 complicated shape without a expensive and complex separate step for processing the 
single crystal. 

Further, in the method according to this invention, the abnormal grain growth is 
induced at the interface between the seed single crystal and is repressed in the polycrystal 
by controlling the composition of the polycrystal, the temperature, the temperature 

20 gradient and atmosphere, etc. In addition, the porosity and the pore shape of the 
polycrystal is controllable depending on heating temperature, heating atmosphere (e.g.. 
air, oxygen or vacuum), heating pressure, the amount of liquid phase and additives. And, 
the polycrystals of various porosities and pore shapes make it possible to produce a 
single crystal having various pore structures. In addition, a single crystal in the perfectly 

25 dense polycrystal can be grown into a large amount of perfectly dense single crystals free 
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from pores. Further, single crystals of perovskite oxides, e.g., barium titanate solid 

solution, Pb-type perovskite such as PbTi0 3 (PT), Pb(Zr x Ti,. x )0 3 (PZT), Pb(Mg, /aNh^Qs 

(PMN), (I-x)PMN-jcPT, Pb(Zn 1/3 Nb 2/3 )0 3 (PZN) or (l-x)PZN-xPT, etc., or Pb-type 

perovskite oxide solid solution, etc. can be produced in large quantities at low costs by 

5 using a large single crystal of barium titanate having a size of more than 20 x 20mm as a 

seed single crystal, though the produced single crystals have different compositions from 

that of the seed single crystal. 

Hereinafter, preferred embodiments of a method according to the present 

invention will be described in detail. 

10 Following Examples 1 to 8 relate to observations of abnormal grain growths 

induced by heating polycrystals of (l-x)Pb(Mg| /3 Nb 2 / 3 )0 3 -(x)PbTi0 3 type oxides, which 

have a particularly excellent piezoelectric property among single crystals of Pb-type 

perovskite oxides, with a change of the component ratio of the polycrystal or with an 

addition of an extra specific component. Firstly, (l-x)Pb(Mgi/3Nb 2 / 3 )0 3 -(x)PbTi0 3 powder 

15 was prepared by the Columbite precursor method. The preparing process of the powder 

was as follows: magnesium niobate (MgNb 2 0 6 ) was prepared by ball-milling magnesium 

carbonate hydroxide (4MgC0 3 * Mg(OH) 2 ■ 4H 2 0) and niobium oxide (Nb 2 0 5 ) powders 

in ethanol, and then calcining them at 1 100°C for 4 hours. Finally, (l-x)Pb(Mgi /3 Nb2/3)0 3 - 

(x)PbTiC) 3 powder was prepared by mixing the calcined magnesium niobate with PbO and 

20 Ti0 2 powder, ball-milling the mixture and then calcining it at 850 °C for 4 hours. (1- 

x)Pb(Mg|/ 3 Nb 2 / 3 )0 3 -(x)PbTi03 powders having different x values in the composition 

formula were prepared by controlling the ratio of magnesium niobate and titanium dioxide. 

Powder molded bodies (the diameter; 10mm. height: 2mm) were prepared by uniaxial 

pressure molding. Then, the powder molded bodies were subjected to CIP(Cold lsostatic 

25 Pressing) at the pressure of 200MPa. They were sintered on a platinum(Pl) plate in double 

13 
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platinum crucibles, and atmosphere powders such as lead zirconate (PbZrC^fPZ]) and PbO 
powder were placed around the sample to repress the volatilization of PbO during 
sintering. 

5 <Example 1> 

Fig. 2 is microscopic photographs of samples obtained by sintering (a) a powder 
molded body having the composition formula of (0.68)Pb(Mgi/3Nb2^)O3-(0.32)PbTiO3 
and (b) a powder molded body having the composition formula of 
(0.5)Pb(Mgi/3Nb 2 /3)O 3 -(0.5)PbTiO3 5 at 1200 °C for 10 hours. These results demonstrate 
10 that the types of grain growths are changed according to the content change of PMN and 
PT. A normal grain growth with a uniform distribution of grain size occurs in the case of 

(a) ; i.e., x=0.32(PMN/PT=63/32), while an abnormal grain growth occurs in the case of 

(b) , i.e., x=0.5(PMN/PT=5/5). In other words, an abnormal grain growth occurs when x 
value in the composition formula of (l-x)Pb(Mgi/ 3 Nb2/3)0 3 -(x)PbTi03, i.e., the ratio of 

1 5 PbTi0 3 , is more than a specific value. 

<Example 2> 

In (l-x)Pb(Mgi/3Nb2/3)0 3 -(x)PbTi0 3 type, MPB(Morphotropic Phase Boundary), 

which is a boundary of a tetragonal phase and a rhombohedral phase has a composition 

20 close to the composition of (0.68)Pb(Mgi/ 3 Nb2/3)O3-(0.32)PbTiO 3 . It was reported that 

the MPB composition shows an excellent piezoelectric property. In this Example, a 

powder having the MPB composition of (0.68)Pb(Mg| /3 Nb 2 /3)O3-(0.32)PbTiO3 was 

prepared by the Columbite precursor method according to Example 1 . However, contrary 

to Example 1, excess Mg, Pb, Nb and Ti, respectively, were added during the preparation 

25 of the powder. The results were shown in Fig. 3 and Fig. 4. 
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Fig. 3 is a microscopic photograph of a sample obtained by sintering a powder 
molded body having the composition formula of (0.92)[(0.68)Pb(Mgj/3Nb2/3)O3- 
(0.32)PbTiO 3 ]-(0.08)MgO, at 1200 °C for 10 hours. This composition further comprises 
the extra MgO of 8mol% relative to the original composition of (0.68)Pb(Mgi#Nb2/3)O3- 
5 (0.32)PbTiO 3 . When an excess MgO was not added or the amount of the added MgO is 
slight, a normal grain growth occurred. But, when an excess MgO of more than a specific 
amount was added, an abnormal grain growth occurred as shown in Fig. 3. The 
determination of whether an abnormal grain growth occurs is based on that an abnormal 
grain is three times as large as the average size of matrix grains and. the abnormal grain 

10 shows bimodal distribution of grain size. 

Fig. 4 is a microscopic photograph of a sample obtained by sintering a powder 
molded body having the composition formula of (0.92)[(0.68)Pb(Mg]/ 3 Nb2/ 3 )O 3 - 
(0.32)PbTiO 3 ]-(0.08)PbO, at 1200 °C for 10 hours. This composition further comprises 
the extra PbO of 8 mol% relative to the original composition of (0.68)Pb(Mgi/ 3 Nb2/ 3 )O 3 - 

15 (0.32)PbTiO3. When an excess PbO was not added or the amount of the added PbO was 
slight, a normal grain growth occurred like the preceding Fig. 2(a). But, when an excess 
PbO was added, an abnormal grain growth occurred as shown in Fig. 4. As the amount of 
the added PbO increases, the number of the abnormal grains per unit area decreases, 
while the average size of the abnormal grains increases. 

20 An abnormal grain growth did not occur when an excess Nb and Ti were added to 

(0.68)Pb(Mgi/ 3 Nb2/3)O3-(0.32)PbTiO 3 powder, and then the powder was heated. This 
result demonstrates that the excess addition of only specific components among 
components of a polycrystal can induce an abnormal grain growth. 

25 <Example 3> 
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The above Examples 1 and 2 show that an abnormal grain growth occurs when x 
value of the composition formula of (l-x)Pb(Mgi/3Nb2/3)03-(x)PbTi03 type is more than 
a specific value, i.e., when the composition ratio of the components of the polycrystal is 
changed or a specific component of the polycrystal such as MgO or PbO is added in 
5 excess. This Example relates to the observation of the behaviors of the grain growths 
occurring when the Mg contents of a powder are higher or lower than that of the original 
composition of (0.68)Pb(Mgi/3Nb2/3)O 3 -(0.32)PbTiO3 powder to which an excess PbO 
was added. (0.68)Pb(Mgi/3Nb2/3)O3-(0.32)PbTiO3 powders were prepared by the above 
Examples 1 and 2. The Mg contents of the powders are controlled from 15% Mg- 

10 deficient content to 15% Mg-extra content. 

Fig. 5 is microscopic photographs of samples obtained by sintering powder 
molded bodies, which are (a) 2% Mg-deficient (-2Mg), (b) 1% Mg-deficient (-lMg), (C) 
0% Mg-deficient (OMg) and (d) 1% Mg-extra (lMg) in the composition formula of 
(0.92)[(0.68)Pb(Mg 1/3 Nb2/3)O3-(0.32)PbTiO3]-(0.08)PbO, at 1200 °C for 10 hours. 

15 Under the above respective condition, the powders were heated. As a result, 

abnormal grain growths were observed only in the case of (b) and (c). In other words, 
abnormal grain growths were observed in the case of 1% Mg-dcficicnt composition and 
0% Mg-deficient composition. But, abnormal grain growth did not occur and growth of 
matrix grains was very limited, when the Mg content was more deficient than 1% such as 

20 (a). Thus, both abnormal grain growths and matrix grain growths are repressed when the 

Mg content is lower than a specific value, i.e.. the Nb content is excess. But, when an 

excess Mg was added such as in (d), according as the number of the grown abnormal 

grains increased, the sizes of the grains decreased, while the growth of matrix grains was 

promoted, thus the result showed an uniform distribution of grain sizes. 

25 A seed single crystal of BaTi0 3 was placed in said powders of Fig. 5. followed by 
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being heated at 1200 "C for 10 hours (Fig. 6). In Fig. 6(a). i.e., a composition of which 
the Mg content is more than 1% deficient, both an abnormal grain growth and a seed 
single crystal growth did not occur. In the samples of Fig. 5(b) and 5(c), an abnormal 
grain growth and a seed single crystal growth occurred with showing large size 
5 differences between the abnormal grains and the matrix grains. However, the abnormal 
grains blocked the seed single crystal growth when the abnormal grains met the seed 
single crystal. Therefore, the seed single crystal could not grow to more than a specific 
size and captured the abnormal grains. As a result, the quality of the seed single crystal 
became deteriorated. In Fig.6(b), i.e., a composition of which the Mg content is more 

10 than 1% excess, the seed single crystal rapidly grew and the entire grain size distribution 
was uniform and the sizes of the abnormal grains were small. Thus, the abnormal grains 
did not block the seed single crystal growth, and the abnormal grains were not captured 
into the seed single crystal. Therefore, preferably, both MgO and PbO of more than a 
specific amount must be added, so as to grow effectively PMN-PT single crystal of MPB 

15 composition. 

<Example 4> 

A growth rate of a seed single crystal in a polycrystal largely depends on the 
crystal orientation of the seed single crystal. In this example, 
20 (0.92)[(0.68)Pb(Mgi/3Nb 2 /3)O 3 -(0.32)PbTiO 3 H0.08)PbO powder further comprising 1% 
excess Mg was prepared as shown in Example 3 and then a seed single crystal of BaTiOj, 
which is a plate-shaped crystal having a different crystal orientation, was placed in the 
powder, followed by being heated. 

Fig. 7 is microscopic photographs of PMN-PT single crystals grown from 
25 samples obtained by embedding a seed single crystal of BaTiC^ which is a plate-shaped 
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crystal of (a) (100) side, (b) (110) side and (c) (111) side, in powder molded bodies 
further having 1% extra Mg (lMg) in addition to the original Mg content in the 
composition formula of (0.92)[(0.68)Pb(Mg iy 3Nb2/3)O3-(0.32)PbTiO 3 H0.08)PbO, and 
then heating the combination at 1200 °C for 10 hours. The photographs show the 
5 interface between the seed single crystal of BaTi0 3 and the grown PMN-PT single 
crystal. As shown in the photographs, though a single crystal of BaTi0 3 has a different 
composition from PMN-PT single crystal, the single crystal of BaTi0 3 functions as a 
seed single crystal to grow a PMN-PT crystal. The reason is that a single crystal of 
BaTi0 3 can continue to grow into a PMN-PT polycrystal because it is chemically stable 

10 in PbO-based liquid phase and the lattice constant thereof is similar to that of PMN-PT. 
In Fig. 7(a), which used a single crystal of BaTi0 3 being a plate-shaped crystal of (100) 
side as a seed single crystal, the growth side maintains (100) side while the growth rate 
was very low such as 20 jzm/h. But, when single crystals of BaTi0 3 of (110) side and 
(111) side were used as a seed single crystal, the growth rate is higher than that of (100) 

15 side such as 100 to 300 /zm/h. However, a triangle-shaped single crystal grew because the 
growth side could not be maintained, when (111) side was used. Thus, in this case, wide 
PMN-PT single crystal could not be produced. When (110) side was used, the growth 
rate is high and wide PMN-PT single crystal could be produced. 

Fig. 8 is a microscopic photograph of a PMN-PT single crystal (diameter: 1.5cm) 

20 grown from samples obtained by embedding a seed single crystal of BaTi0 3 in powder 
molded bodies further having 1% extra Mg (lMg) in addition to the original Mg content 
in the composition formula of (0.92)[(0.68)Pb(Mgi/ 3 Nb 2 / 3 )O 3 -(0.32)PbTiO 3 ]-(0.08)PbO, 
and then heating the combination at 1200 °C for 20 hours. This photograph shows a 
PMN-PT single crystal having a diameter of more than 1.5cm in the middle of the 

25 sample surface. This demonstrates that a PMN-PT single crystal having a diameter of 
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more than 1.5cm can be produced by short heat treatment of only 20 hours. Further, a 
PMN-PT single crystal growth from a seed single crystal could be observed, when a 
plate-shaped seed single crystal of barium titanate was placed on a powder sintered body 
of (0.92)[(0.68)Pb(Mg ] /3Nb2/3)O 3 -(0.32)PbTiO3H0.08)PbO, followed by being heated at 
5 \200°C for 20 hours. Therefore, a seed single crystal could rapidly grow into a 
polycrystal when the seed single crystal was placed on the powder molded body, as well 
as being embedded in the powder molded body. The use of a seed single crystal such as 
"~T'-shaped crystal enables a faster single crystal growth than that of a plate-shaped 
single crystal, because the interface between the seed single crystal and the polycrystal is 

10 increased and thus the number of the growth faces is increased. 

The above Examples 1 to 4 demonstrate that an abnormal grain growth can occur 
in (l-x)Pb(Mgi/3Nb2/3)C>3-(x)PbTi03 type when x value of the composition formula is 
more than a specific value, i.e., the component ratio of the polycrystal is changed, or an 
excess specific component such as PbO or MgO arc added. In other words, the behavior 

15 of an abnormal grain growth can be changed according to the ratio of Pb, Mg, Nb and Ti 
and additives. Therefore, the method for optimizing the growth of a PMN-PN single 
crystal is to change the composition ratio of the respective components of PMN-PN and 
to add an excess specific component. The single crystals of PMN-PT produced by these 
manners can be used as a seed single crystal, in order to produce various single crystals 

20 of (l-x)PMN-xPT, which have same components as one another, but have different 
PMN/PT from one another at low costs. 



<Example 5> 

The regulation of powder compositions (the ratio of the components, the kind and 

25 content of an additive), sintering temperature, sintering atmosphere(air, oxygen or 
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vacuum), pressure sintering, the amount of a liquid state, atmospheric powders and the 
sealing state of a crucible, which effect the densification of a sintered body of Pb-type 
perovskite oxides, enables the change of the porosity and pore shape of the sintered body. 
The porosity and pore shape of a polycrystal directly affect the porosity and pore shape 
5 of a grown single crystal, because the pores of the polycrystal are trapped in the single 
crystal during the growth of the single crystal. Therefore, if the porosity of a polycrystal 
is controlled, single crystals without pores, single crystals with pores, or single crystals 
having various pore sizes or shapes can be produced. 

Following Table 1 shows the relative densities of the sintered bodies produced by 
10 adding an excess PbO and MgO to (0.68)Pb(Mg,/3Nb2/3)O3-(0.32)PbTiO 3 powder having 
MPB composition, followed by sintering the powder at 1200 1 for 1 hour. 



[Table 1] 



PbO 

MgO 


0 


2 


8 


0 


98 


96 


93 


1 


97 


97 


94 


8 


97 


98 | 94 



As shown in Table L an excess MgO and PbO were added to the 
(0.68)Pb(Mgi/3Nb 2 /3)O 3 -(0.32)PbTiO3 powder and then the powder was heated. As a 



15 result, it was observed that the microstructure such as the density and grain size of the 
sintered body changed continuously. The relative density of the sintered body without an 
addition of MgO or PbO was about 98%, but the relative density with an excess addition 
of 8mol% PbO was reduced to 93%. According to the increase of the addition amount of 
PbO, the density of the sintered body was continuously reduced and the pore size was 

20 increased. But, according to the increase of the addition amount of MgO, the density of 
the sintered body was gradually increased and the pore size was reduced, unlike PbO. 
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When an excess MgO was not added or the excess addition amount of MgO was not 
large, PMN-PT single crystal could be grown from a seed single crystal only in a 
composition to which many excess PbO were added. The produced single crystal had a 
low density of about 94%, since the density of the polycrystal was low. But, when the 
5 excess addition amount of MgO was large, PMN-PT single crystal could be grown from 
a seed single crystal even in a composition to which a little PbO was added. The 
produced single crystal had a density of more than 97%, since the density of the 
polycrystal was high. 

The production of a polycrystal having a high relative density of more than 99% 

10 was carried out by pressure-sintering the powders having the composition of Table 1 at 
the pressure of 50Mpa in vacuum , for densification . The composition to which the small 
amount of excess PbO is added can be more easily densified than the case of the large 
amount. But, in this case, the seed single crystal was not grown or the growth rate was 
less than 50 fim/h, which is too late. However, when sufficient excess PbO and MgO were 

15 added to the polycrystal, a single crystal having a high relative density of more than 99% 
could be produced. Further, the production of a very dense PMN-PT single crystal could 
be carried out by primarily pressure-sintering a polycrystal to prepare a sintered body 
having a high density, and then secondly heating the adjoined combination of the 
compacted polycrystal and a seed single crystal of barium titanate. PMN-PT single 

20 crystals having a desired various porosities, e.g., a single crystal comprising pores of 
several % or a perfectly dense single crystal, can be produced according to this method in 
large quantities at low costs. 

<Example 6> 

25 In Lhis Example, the production of PZT single crystal was carried out by changing 
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the component ratio of Pb(Zr x Ti|- x )0 3 (PZT) 5 which is most generally used as a 
piezoelectric material, or by adding a specific component of PZT or an additive to the 
PZT, in order to induce an abnormal grain growth. The preparation of PZT powders was 
carried out by ball-milling PbO, Zr0 2 and Ti0 2 powders in ethanol and then by calcining 
5 the powders at 800 °C for 4 hours. Further, Pb(Zr x Tii_ x )0 3 powders having various x 
values were produced by the control of the rate of Zr0 2 and Ti02- Powder molded bodies 
(diameter : 10mm. height : 3mm) were produced by uniaxial pressure molding, and then 
the produced power molded bodies were subjected to CIP(Cold Isostatic Pressing) at the 
pressure of 200MPa. Then, they were sintered on a platinum plate in double platinum 
10 crucibles, and atmospheric powders such as lead zirconate (PbZr0 3 [PZ]) and PbO 
powder were placed around the sample to repress the volatilization of PbO during 
sintering. 

Fig. 9 is microscopic photographs of samples obtained by sintering powder 
molded bodies having x value of (a) 0.6 and (b) 0.25 in the composition formula of 

15 (0.9)[Pb(Zr s Ti|. s )O 3 ]-(0.1)PbO, at 1200 °C for 3 hours. When x=0.6 (a), a normal grain 
growth having a uniform grain size distribution took place. But, when the PT content was 
more than a specific amount, e.g., the composition in which x=0.25 (b), an abnormal 
grain growth occurred under the addition condition of excess PbO. Therefore, it was 
demonstrated that an abnormal grain growth occurs when excess PbO is added to a 

20 specific composition of [Pb(Zr x Ti|. x )0 3 ] in which x, i.e., the composition rate of PbTi0 3 
is higher than a specific value. 

Fig. 10 is a microscopic photograph a sample obtained by embedding a seed 
single crystal of BaTi03 in a powder molded body having the composition formula of 
(0.9)[Pb(Zr 0 .25Ti 0 .75)O 3 ]-(0.1)PbO, and then sintering the combination at 1200 °C for 10 

25 hours. When the composition rate of PbZr0 3 , i.e., x value was more than a specific value, 
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an abnormal grain growth and seed single crystal growth were not occurred. But, when 
x=0.25 (Fig. 10), both an abnormal grain growth and a seed single crystal growth 
occurred. 

Fig. 11 is a microscopic photograph a sample obtained by embedding a seed 
5 single crystal of BaTi03 in a powder molded body having the composition formula of 
(0.9)[Pb(Zr 0 .6Tio.4)03]-(0.1)[(0.95)PbO-(0.05)Cr 2 03] ) and then sintering the combination 
at 1200 °C for 10 hours. When Cr 2 0 3 as well as the PZT components, i.e., PbO, Zr0 2 and 
Ti0 2 are added to the PZT in which x=0.6, abnormal grain growths were promoted and 
the seed single crystal was grown. 

10 In this Example, it was demonstrated that an abnormal grain growth in Pb(Zr x TV 

X )C>3 (PZT) depends on an increase of the PbTiC>3 content of PZT powder and an addition 
of additives, e.g., PbO, B 2 0 2 , CoO, Cr 2 0 3 , Fe 2 0 3 , Si0 2j MnO, Mo0 3) Nb 2 0 5 , NiO, V 2 0 5 , 
WO3 or ZnO. If x value is too large in Pb(Zr x Tii_ x )C>3 to show an abnormal grain growth, 
an addition of additives for induction of an abnormal grain growth enables an abnormal 

15 grain growth and the seed single crystal growth. If x value is so small that abnormal grain 
growths over-occur, an addition of additives for repression of an abnormal growth 
enables the control of an abnormal grain growth and the seed single crystal growth. 

According to the present invention, the production of PZT single crystal was 
carried out by controlling the ratio of Pb ; Zr and Ti in the composition formula of 

20 Pb(Zr x Ti|. x )03 or adding an additive for induction or repression of abnormal grain 
growths, followed by heating. In this method, the size of PZT single crystal is in 
proportion to the size of the seed single crystal. For example, PZT single crystal having a 
size of more than several cm can be produced in large quantities at low costs by using a 
seed single crystal having a size of more than several cm. 
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<Example 7> 

In this example, in order to induce an abnormal grain growth in Pb(Zr x T1i. x )03, 
power molded bodies were produced by mixing Pb(Zro. 5 2Ti 048>C>3 powder having the 
size of lOOnm with PbZrC>3 powder. Powder molded bodies (diameter : 10 mm, height : 
5 3mm) were produced by uniaxial pressure molding, and then the produced power molded 
bodies were subjected to CIP(Cold Isostatic Pressing) at the pressure of 200MPa. Then, 
they were sintered on a platinum plate in double platinum crucibles, and lead zirconate 
(PbZr0 3 [PZ]) as an atmospheric powder was placed around the sample to repress the 
volatilization of PbO during sintering. 

10 Fig. 12 is microscopic photographs of samples obtained by sintering powder 

molded bodies having the composition formula of (a) Pb(Zro.52Tio.48)03 and (b) 
(0.7)Pb(Zro.52Tjo.48)03-(0.3)PbZr0 3 » at 1200 °C for 1 hour. An abnormal grain growth 
did not occur in Pb(Zro.52Tio.48)0 3 composition, but began to occur with an addition of 
more than specific amount of PbZrO} and very actively occurred with an addition of 

1 5 more than 30mol% of PbZr0 3 . 

Fig. 13 is a microscopic photograph of a sample obtained by embedding a seed 
single crystal of BaTi0 3; which is a plate-shaped crystal of (111) side, in a powder 
molded body having the composition formula of (0.8)[Pb(Zro.52Tio.48)03]-(0-2)PbZr0 3j 
and then heating the combination at 1200 °C for 10 hours. In the composition to which 

20 PbZr0 3 is added in small amount, e.g.. Fig. 12(a), both an abnormal grain growth and a 
seed single crystal growth did not occur. But, in the composition to which PbZrCh is 
added in more than a specific amount inducing an abnormal grain growth, e.g., Fig. 13, 
the same structure as the seed single crystal was continuously grown into the PZT 
polycrystal and PZT single crystal was obtained. 

25 When a grain growth was promoted in Pb(Zr x Ti|. x )03 (PZT) by a powder having 
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a nano size, an abnormal grain growth occurred with an addition of PbZrC>3 and the seed 
single crystal was grown. The use of a powder having a nano size in the present method 
enables an abnormal grain growth and the production of PZT having a large x value. 

5 <Example 8> 

Fig. 1 4 is a microscopic photograph showing the appearance of a sample prepared 
with a small seed single crystal of barium titanate (diameter: 3 mm, thickness: 1.5 mm) 
placed on the edge of a polycrystal of barium titanate, which was prepared by pressing a 
powder molded body (25 g) having the size of 40 x 40 x 7cm at 200MPa, and subjected to 

10 300 hours of heat treatment with a temperature gradient such that the temperature is 1350 
°C on the side of the seed single crystal and decreased to a temperature slightly below 
1350 °C on the opposite edge side of the sample. The temperature gradient had the 
polycrystal side be in less than the second abnormal grain growth activation temperature, 
thus an abnormal grain growth did not occur in the polycrystal. But, the same structure as 

15 the seed single crystal, which initiated the growth at less than the second abnormal grain 
growth activation temperature, continued to grow into the polycrystal and thus a single 
crystal having a size of more than length 25mm x width 25mm x height 5mm was 
produced 

This example demonstrates that the formation of a temperature gradient which 
20 have the temperature of a seed single crystal high and the temperature of a polycrystal 
low, in the adjoined combination of the seed single crystal and the polycrystal, enables 
the growth of a single crystal. 

<Example 9> 

25 Fig. 15 is a microscopic photograph showing the appearance of a sample prepared 
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with a single crystal of barium titanate including a (111) double twin plate placed on a 
polycrystal of barium titanate (diameter: 15mm, height; 7mm) and subjected to 15 hours 
of a heat treatment at 1350 °C. When a single crystal of barium titanate comprising a 
defect such as a (111) double twin plate was used as a seed single crystal, the single 
5 crystal grown from the seed single crystal also comprised a (111) double twin plate as 
shown in Fig. 15. In this case, the growth rate of the single crystal with a defect was 
faster than that of the single crystal without a defect in the polycrystal. Therefore, this 
example demonstrated that a defect such as a (111) double twin plate promotes the 
growth of a single crystal into a polycrystal. In this example, a small single crystal of 
10 barium titanate including a (111) double twin plate was adjoined to a polycrystal of 
barium titanate. As a result, a large single crystal of barium titanate could be produced 
and a larger single crystal of barium titanate could be rapidly produced using the 
produced large single crystal of barium titanate with a (111) double twin plate as a seed 
single crystal. 

15 

<Example 10> 

Fig. 16 is microscopic photographs showing the surface (a) and the cross section 
(b) of a sample prepared by placing a single crystal of barium titanate on a molded body 
and then heating at 1350 °C for 50 hours, wherein the molded body is formed by 
20 laminating in a row three powders(each thickness: 1.5 mm) having the composition 
formulas of (99.9)BaTiO 3 -(0.1)MnO 2 (mol%); (99.9)BaTiO 3 -(0.1)NbO 2 .5(mol%); and 
(99.9)BaTiO 3 -(0.1)CeO2(mol%) and then subjecting to CIP at 200MPa. Firstly, the seed 
single crystal of barium titanate began to grow into the layer comprising Mn0 2 . Then, it 
continued to grow into the layer comprising Nb0 2 .s and Ce0 2 . As a result, a single 

25 crystal of barium titanate solid solution with a continual composition variation, which is 
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composed of four layers, i.e., undoped barium titanate. Mn solid solution, Nb solid 
solution and Ce solid solution was produced. As described above, the SSCG method is 
more advantageous than the general LSCG method in that the SSCG method enables the 
production of a single crystal having a composition gradient unlike the LSCG method. 
5 As described above, the method for growing single crystals of perovskite oxides 

according to the present invention has some advantages to provide a manufacturing 
process for single crystals such as undoped single crystals of barium titanate, single 
crystals of barium titanate solid solution, single crystals of Pb-type perovskite and single 
crystals of Pb-type perovskite solid solution by using a general and simple heat treatment 

10 method without special equipments or skilled functions, as a result of which a large 
amount of single crystals large enough for practical uses of more than several cm can be 
produced at a low cost. The method also enables production of single crystals having 
various additive contents by using a sintered body of the polycrystal with various 
additives added thereto. This method for growing single crystals of barium titanate and 

15 barium titanate solid solutions according to the present invention allows a growth of 
single crystals without a limitation in the size of the single crystal and provides high 
reproducibility of the single crystals with a composition gradient. The method also makes 
it possible to control the porosity of the single crystal, and the size and shape of pores, 
and prepare a complex single crystal from a polycrystal of a desired shape adjoined to the 

20 seed single crystal by heat treatment without a complicate step of processing a single 
crystal. This method of the present invention is efficient in the economical aspect 
because the final single crystals can be reused as a seed single crystal to produce various 
seed single crystals at a low cost, and also applicable to other systems showing an 
abnormal grain growth as well as barium titanate, barium titanate solid solutions, Pb-type 

25 perovskite and Pb-type perovskite solid solution. 
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WHAT IS CLAIMED IS: 

1. A method for growing single crystals of perovskite oxides, which show abnormal 
grain growths by means of heating, the method comprising the steps of: 
5 (a) having a perovskite seed single crystal adjoined to a perovskite 

polycrystal; and 

(b) heating the combination of the seed single crystal and the polycrystal to 
provide a continuous growth of the same structure as the seed single crystal 
in the polycrystal, the heating being carried out under the condition that 
10 abnormal grain growths are induced at the interface between the polycrystal 

and the seed single crystal and are repressed inside the polycrystal. 

2. The method as claimed in Claim 1, wherein the heating of said step (b) is carried 
out under the condition that the ratio of the components of the perovskite polycrystal is 

15 controlled. 

3. The method as claimed in Claim 1, wherein the heating of said step (b) is carried 
out under the condition that specific components of the perovskite polycrystal are added in 
excess of the original composition. 

20 

4. The method as claimed in Claim 1, wherein the heating of said step (b) is carried 
out under the condition that a temperature gradient is formed such that the temperature of 
the single crystal side is high and the temperature of the polycrystal side is low. 

25 5. The method as claimed in Claim l 5 wherein the heating of said step (b) is carried 
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out under the condition that additives for promoting abnormal grain growths are locally 
added to the combination of the seed single crystal and the polycrystal. 

6. The method as claimed in Claims 2 or 3, wherein the polycrystal is a Pb-type 
5 perovskite polycrystal in which abnormal grain growths occur by a change of the ratio of 

the components or an excess addition of specific components. 

7. The method as claimed in any one of Claims 1 to 5, wherein the step (a) includes 
placing the seed single crystal on the polycrystal or a powder molded body of perovskite 

10 oxides; or embedding the seed single crystal in the powder, and then performing a molding 
process; or adjoining the polycrystal to the seed single crystal, and then embedding the 
combination of the polycrystal and the seed single crystal in the powder and then 
performing a molding process. 

15 8. The method as claimed in any one of Claims 1 to 5, wherein the seed single 
crystal of the step (a) is the perovskite single crystal produced by the said methods. 

9. The method as claimed in Claim 6, wherein the seed single crystal is a single 
crystal of barium titanate or perovskite having the same crystal structure as barium titanate. 

20 

10. The method as claimed in any one of Claims 1 to 5, further comprising the step 
of: 

prior to the step (a), predetermining the crystal orientation of the seed single 

crystal, grinding a specific crystal face of the seed single crystal in the crystal orientation 

25 determined, and adjoining the ground seed single crystal to the polycrystal to determine 
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the crystal orientation of a single crystal to be grown into the polycrystal from the seed 
single crystal. 

11. The method as claimed in any one of Claim 1 to 5, further comprising the step of: 
5 prior to the step (a), molding the polycrystal powder to a desired shape or processing the 
polycrystal into a complex shape, and then adjoining the shaped polycrystal to the seed 
single crystal, to produce a single crystal having a desired shape without a separate step 
for processing of the single crystal. 

10 12. The method as claimed in any one of Claim 1 to 5, further comprising the step of: 
prior to the step (a), preparing a polycrystal having a different porosity, pore size and pore 
shape by adding an additive to the polycrystal, changing the amount of a liquid phase or 
the sintering temperature, atmosphere or pressure of the polycrystal, to control the porosity, 
the pore size and shape in the single crystal to be grown in the polycrystal, thereby 

15 preparing perfectly dense single crystals destitute of pores or single crystals having 
various porosities. 

13. The method as claimed in any one of Claim 1 to 5. the perovskite polycrystal of 
the step (a) is the polycrystal having a composition gradient that changes discontinuously 

20 or continuously by adding one or more selected from the group consisting of solutes to 
be solved into perovskite structures to the perovskite polycrystal. 

14. The method as claimed in any one of Claim 1 to 5, wherein the seed single crystal 

of the step (a) is a single crystal of barium titanate including a (111) double twin to 

25 provide the polycrystal adjoined to the (1 1 1 ) double twin plate. 
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15. The method as claimed in any one of Claim 1 to 5, the heating temperature of the 
step(b) is slightly lower than the secondary abnormal grain growth activating temperature 
of the combination of the seed single ciystal and the polycrystal. 

5 

16. The method as claimed in any one of Claims 1 to 5, the perovskite polycrystal is 
characterized in that one or more additives selected from the group consisting of BaO, 
Bi 2 0 3 , CaO, CdO, Ce0 2 , CoO, Cr 2 0 3 , Fe 2 0 3 , Hf0 2 , K 2 0, La 2 0 3) MgO, Mn0 2 , Na 2 0, 
Nb 2 0 5 , Nd 2 0 3s NiO ? PbO, Sc 2 0 3 . Sm0 2 , Sn0 2 , SrO, Ta 2 0 5 , Ti0 2; U0 2j Y 2 0 3 , ZnO, and 

10 Zr0 2 to be solid-solved into perovskite structures are added to the polycrystal. 

17. The method as claimed in any one of Claim 1 to 5, the seed single crystal of the 
step (a) has a plate-shape or "~i "-shape. 

15 18. The method as claimed in Claim 5, the additives are one or more selected from 
the group consisting of A1 2 0 3 , B 2 0 3 , Cu(X Ge0 2 , Li 2 0 3 , P 2 0 5 , PbO, Si0 2 and V 2 0 5 - 

19. The method as claimed in Claim 6, the Pb-type perovskite polycrystal is (1- 
x)[Pb(Mg,/ 3 Nb 2 / 3 )O 3 ]-x[PbTiO 3 ](0 < x < 1)(PMN-PT) polycrystal. 

20 

20. The method as claimed in Claim 19, the heating is carried out under the condition 
that at least one of PbO and MgO, which are components of the polycrystal, are added in 
excess of the composition formula. 

25 21. The method as claimed in Claim 6, the Pb-type perovskite polycrystal is 
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Pb(Zr x Ti]. x )O 3 (0 < x < l)(PZT)polycrystal. 



22. The method as claimed in Claim 21 , the heating is carried out under the condition 
that PbO of a component of the polycrystal is added in excess of the composition formula. 

23. The method as claimed in Claim 21 , the heating is carried out by using Pb(Zr x Tii. 
x )03 powder particles having nano sizes. 
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^^-°], ^Bfl #igoJ| o]^. p 5 ^| ^^U.^^olE^ p b 3] 3\}3_*_^?}o)^ j7-g- 

*l) ^£3* ^*cHH^ -g-g- hJt-a] 7i^o> ^3^3 ^ 

^(PbO)^ ^o] ^ ^^g. ^5}- A] 71 Jl 2HSW^7MH n> 
*<H ^*Hz- H71S1- Jj-A^ ^ c^;^ ^)1^^7l 7> o^^ji, ^^ofl 

(l-A-)Pb(Mgi /3 Nb2/3)03-APbTi03(PMN-PT)^ ^-^^ ^^©.S^, -§-^]^ 
(Flux method)ol ^jg. 7fl^ « EjStfU (Bridgeman Method) 

^4 G± W$ W$o] -§--8- o]^ fe ^^om- 

^ °^ a J-^ 0 vl ^^-2.5. PMN-PT ^l3:*m ^-f^l^ 

-§-§- 7j-t!- PbO^ <y*H ^^V^. ^^3] 
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5^*MI -8-^l»>7l <H^7l nfl^j f-o) ^.S_*H *1 

Pb(Zr x Tii- x )0 3 (PZT)^ #71 PMN-PTS]- -g~§- ^g^ofl ^^o] 
PbO^ fl^-i- ^^1^71 o]^j L> -g-g. ^o)i ojj W Zr02 ^ -g-g- 

>l^-(Incongruent Melting)^- £.°}7) nfl-SHl 12 '^tl ^^l^ ^#^.2.5. 

7} J 5h -f^rSr 7fl£.^ °] ^q-o] PZT o] ^^.g. Tj^o] aj-^o.^ 

^^^^ ^ 9X°-# ^ -g-g-g-oHH 7i§^ <y-^ q^^^i ^ 7fls 

#<>1 M-Ef\+q. ol<q. y^tf og^cq s^oj, ^1 ^ 

^ °^^°d (Liquid-State Single Crystal 

Growth (LSGG))ol^ji ->f JLJI, -§--§- o]-g-^] ^ cj-^^^oj <g^e|^ 

l^l-Hr ^M^^ ^l^* 7flS*Rr ?A-9r JI# 

(Solid-State Single Crystal Growth (SSCG))°1 tyJL -r-E-q. jI# 
^ 7p5^£ o]n} 1950^^-^ aflA^^ #Jl = ^7fl T-fl 

^3 Tfl^ofl #^-£0.14, AV^o. 7 fl^_ol]A^ °J z}^ #-g- o)^}cx{ 

nfl cf^^ A^of Ui^ ^&)J1 $}ufo] c^^u}^ ^ ##*M1 
<Hsl3 #*flS -g~g-^ ^ ^71^ Apsfl- c^-<J^^ TflSSKr ^3 

e] e^-a]-^ cf^^ ^^o.s.Ai -g-^Jia (Flux Method) <>1 ^2:5. 7fl^ 
^S. ^ ^^(Zone Melting) ^^f ^-a]= -g-°J> ^ ^-(Top-seeded Solution 
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Growth, °1*HH. 'TSSG') ^ ^ ^^a># ^^#<>1 7fl^-S] 

5fti=r. eI-avh].^ lDU> ^ mm ^ 3 

7l» 71-3) ^o]o]A-l ^^15. -§--§-5)71 <H^^. 5Eth TSSG^^S: M 

El^ti># ^*<H1 °l-g-€ ^ SicfZL <|J;B^ 5U*1 D J-, & TSSG 

^HJE ^tilSf ^^5) 7} ±5- ^-O) «1 -§-0.5. 

afleH^CFerrite), 3 ^wl-l-CBaTiOs) ^ ^sKH^l^CAlzOs) 
^ PMN-PT ^°fl cfl^H 1^Bj«r°J -H^ .2.5. 

^^isq- ^> ^^.g- *ofl on- fj^e^s:}^ 

^#°] i^SlJL, ^>M-^ #^^-1- 711 ^^1^1^ ^Sl^HS, ^ 

«J«HM-*r pj^^. ol-g-^ ^#*Hr # 

^^l- ^fls} til^^i- og^oi ^14^1 siTg ( cf^^^si a] ^ <y^l-ol ^ 
^^si ^*J--§; « 0 >sfl*M ^> tH^^H ^^l-Al^^ 301 0]B\%t±. 

o}9± £0] ^gflo} ^#^£r Cf^^^l Ml-^H ^^M"^ °J 

*ll <H*}*1 7fl^ 0 l >4HJi, ^*fl -§~§-<Hl ^ 

37l7> €" ^^-fr ^lS*>7l <H^tRr nH^oll ^Eflo] oj)^- 

3-3 o] ^t}. ^1, pmn-pt^ ^-Mfe- cf^^^HiAi 

SJ^^Sl ^7} ol^^ ^mm 3.71 # SHr >fl3:*>7l7> <H^^ 

Sth El^-A];t3>#^ ^^-O)!^ Cf^^SlHl (111) O]^ 7>^ ^ 
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^« £<H^M- (111) o]^ ^^Ai^lfe ^7>§H 

^^^^ ^^Mfe- "o^JE Ji^S]^. ZL^M-, ol ^-ofl^s. (in) o]^ 

33:* Sth^l ^ ^3-§: ^]^*>7] o]^ ZL> ^ ol*)- Hj;g# ^J-^ *J 

ol3j$J ^) -§-g-ofl ^^.^ a7 ]7l- e #^1^* ^aflaj*! «J-»j 
£.3. tfl^A}.^. ^] -§--g-ofl^ ^l^o] orojcf. 

Si ^^Sl ^ ^"^^ ^^^Hfr ^ -§--§- -^-g; ol 

#x\7\ #o) ^aV^o] .g^ej ^.g. cf^^^oll 

ul-g-*fl El^Al;U>f- Pb Tfl 3l]5.W.i7l-OlH(PbTi03 (PT), 

Pb(Zr x Tii- x )0 3 (PZT), Pb(Mgi/ 3 Nb2/3)0 3 (PMN) , (1-*)PMN-aPT, Pb(Zni /3 Nb2/3)0 3 
(PZN), (l-x)PZN-xPT -f-)3j- JH-g-afl S^sl Pb Tjl 5)lS.a.^^olE 

JJf ^^219J u o v ^^^ tfl 3=0.5. ^ il^- 3HS.y.i^He^ ^. 

°1 ^M$*Hfr 3fl5-«in°lS^ -L>5}-#21 ^ H^ofl Sa«H^I . *fl-£. 

J=U2i7MH$ ^2:^1 SflSJ-Ld^HB^ ^ A>^ol 

^flofl ^^171^ ^Tfl(a); ^ ^-71 #7.f ^ tj-^^^^ <i^el 
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*H 4£^*ti <?HM ^ ^S7> 71)^ ##*>tI1 sf-fe- ^js. 

^, #71 I^tt, 4^^^]4 f*)- ^^-olH^.'Hl^tf «a##-fr 

Cf^Sfl m-f^A^ <a##* ^l*Hf- *>6flA] 

tt ^ ^^AS ^ #3l(b)* £#*Hf 3^ *b4. 

^2:^ ^f^cMHl ^^l^lfe q-E)-^ S-^S., 

-£2^ (a) (0.68)Pb(Mgi/3Nb 2 /3)03-(0.32)PbTi0 3 4 (b) 

(0.5)Pb(Mgi/ 3 Nb2/3)0 3 - (0.5)PbTiO 3 3^34 1200°C^H 10^1 4i 

^ 

£3£- (0.92)[(0.68)Pb(Mgi/3Nb2/3)0 3 -(0 . 32)PbTi0 3 ]-(0.08)MgO 3£#4 $ 
Ik 1200°Cofl^ 10*1 # a]^o| n]^l^^l a>^1 ( 

£4^ (0.92)[(0.68)Pb(Mgi/ 3 Nb 2 / 3 )0 3 -(0 . 32)PbTi0 3 ]-(0.08)PbO 
% v #^*fl-I- 1200 M>H 10*1 ?> i^tb *1^4 n]^| 2 3j A >^l i 

£5^ (0.92)[(0.68)Pb(Mgi/ 3 Nb 2 /3)0 3 -(0.32)PbTi0 3 ]-(0.03)PbO S#°]H 
#31 Mg^ <>HH (a) 2 %£] Mg7> ££#(-2Mg), (b) 1*4 Mg7> JjL 

^ 3E#(-lMg), (c) 0%s} Mg7> S#(0Mg)4 (d) 1*4 Mg7|- -nfojol 3. 

#(lMg)^l ^^l#-8: 1200°C°1H lO^l^t i^*V *1^#^ v)^}^ Af^l 

(0.92)[(0.68)Pb(Mgi /3 Nb 2 / 3 )0 3 -(0 . 32)PbTiO 3 ]-(0.08)PbO a^<HH 
*d*H Mg^l ojzoflAl (a) 2%^ Mg7f -*M=^ 3£#(-2Mg)4 (b) 1%4 Mg7> jzf 
^(lMg)-y ^-iMl BaTi0 3 ^} M^-§r \g JL 1200°C«iH 10*1 

# *1^#3 oMi^*] 

£7£- (0.92)[(0.68)Pb(Mg 1 / 3 Nb2/ 3 )0 3 -(0 . 32)PbTi0 3 ]-(0.08)PbO 2:*3<HH 

6 
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#*fl Mg2] ^ofl^ i%o] Mg7 y ij.ojoi a^(iMg)^ ( a) ( 100 ) ^, 

(b) (110) £ ^ (c) (111) £sj BaTi0 3 ^4 ^^-S-. -I-JL 1200 

10*1 # l^^tb *1£1-<HM ^ ^ PMN-PT ^^-g- a]^ cf^ Af 

£8-8: (0.92)[(0.68)Pb(Mgi/3Nb2/3)03-(0 . 32)PbTi0 3 ]-(0.08)PbO 
#3) Mg^ «S=ofl^ i % o] Mg7 j. 3j.ojo] ^ (IMg)^ ^.^ofl BaTi0 3 

3:^3 * 1200TC4M 20a]?> 1*1 33: PM N-PT (3 

1.5cm)# 2±<^fe a]^.sJ ^a}^, 

£9^- (0.9)[Pb(Zr x Tii- x )0 3 ]-(0.1)PbO a^ofl^ x &o] ( a ) 0.64 (b) 
0.25<y ^ Aj^^M- 1200 "C*IH 3 ^l^V Al^-i-o^ nj^^^l A^Jf, 

£10^8: (0.9)[Pb(Zr 0 .25Tio.75)03]-(0.1)PbO <>§%2f[ «H 

BaTi0 3 ^^.^Sr "431 1200 "C^M ioa]Q Ajsgo] a>;*1, 

JElbg: (0.9)[Pb(Zr 0 .6Tio.4)03]-(0.1)[(0.95)PbO-(0.05)Cr 2 03] 
^ ^*fl <?H1 BaTi0 3 ^3)-§- 4 3- 1200r°fl*i IOa^ A]tf|°] 

£12^- (a) Pb(Zr 0 .52Tio.48)0 3 ^ (b) (0.7) [Pb(Zro. 5 2Tio.48) 0 3 ]-(0.3)PbZr0 3 
S^-ir 1200 t^H 1^1 aJ^sJ n]^^^i a>^s. > 

-£13^8: (0.8)[Pb(Zr 0 .52Tio.48)0 3 ]-(0.2)PbZr0 3 (lll)^ 
BaTiCb ^^-^ ^°\) 1200X:^*\ K)a1# a^o]]^ 

PZT Ji^fe Al^o^ ^ A> ^i ) 

£14^ El^tiVf- cf^^afls] s^e] ^ofl ^ 3 

mm; -f-^ll 1.5 mm)-§- ^r^#ZL ^ 1350 °C 7} £]t11 «V 

tfl^hBr -&£7f ^ ^Efloj 7]^7]7f S^o^ 300 Aj# ^o_V 

f^H t!: *1^<HH Ji^ ^ 

£15fe Hl^Aj-uVl- t]-£3*fl$H (in) ^(Double Twin)* 

7 
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*}$r ^^wff- ^^-ir #3¥:n 15 *] & ^elSt 

5116^ ^1 2-8 si ^71 cf-g- ^^#((99.9)BaTiO3-(0.1)Mn0 2 (molft). 
(99.9)BaTi0 3 - (0.1)Nb0 2 . 5 (mo 1ft), (99.9)BaTiO3-(0. DCeCfe (molft))* >H1 
1.5 mm ¥^1)^-5. ^i^S. ^#*V Jfofl zz. ^ofl E] EJ-^-ti]-# ^§-ej^rjL 
1350iC^H 50^m ^ejt* (a) S^A>^]jif ( b ) ^.^A^oicf. 

^^l* ^^l^lJl, <i^B]^o^ Cf^^^^ ^^o]]^ ^ojuf 
^ ^ A oHl Cf^^^] °HH ^> -g^tt 

^ ^^^4 T-^l- 7>*1^ sflSJi^Me 

^ ^-Sl-l-S] ^^Cf. -g- o)*]- ^^l^ 

4. ^H^Htt 'Cf^^^l ^"^^ 'o]^ZL ^4. 

^"^^1 ^ H o V ^Hl S]*H £<H*1 ^ 2^ rfA] 3- 

4. ^T, ^°fl ^]*H ^15:^ #^3|-I~§- O.^. tiV4^ _0.g. ^--g- 

8 
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AVsj-g-o. a] oil ^ ^tifl ^ ^7M1^ ^■^ L 

wfl a=*r %7M£\ ^ <q«JH zl o]^^ a] ft, 

£-1^ ^5}-, ^«fl ^ £E^r ^7H1^ ^ ^7> J§-2] o}£- 

*M tf^cMiHH 'U^-i- cj-^afl ifl^-ofl^fe. ai^v «g 

f-O.JL*| Cf^afl vfloflA^ ti l^ A o V *H<HtH}. °]3.*\ Cf^^^l ifl^L 

SE^ ^51 71^711- oj-g-^ ^ cf^^^]^ ^^7> cf^ 
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3:^4 cf^^^] q]«-cniA^ o]^^ 

* ^JI I^^^H ^1- ^<Q& 7-2l7\ 4=711 ^ oli=, ^.^ 

H^tf «a*tf* #*!*Rr Al 2 03, B 2 0 3 , CuO, Ge0 2( LiaOa, 

P2O5, PbO, Si0 2 , WsS. ol^^l ^ 7 f# -id^€ ^4 5c- 0 ^ 
o] ^ol nj.3-3lsj.cj.. 

^EjnjEi oJaJ-oj 3. 3\]3.w^}o)^t§ ^ ^^*>JI, oj£j- ^-o] ^ 

^3 ^J±^7)-oJe^ ^ aVsj^oj cj-^-e. ^]^^-cf. 

^°1] 3^ "o^H. ^-71 ^-7] #7}Kb)oJ ^JE^ ^^.AV 

^ ^ -SrS^A-l 91^^ ^.g. ^_2_iiL tl-q-. °l*f 
ojsjoj tf€. o]^ hJ^a}. Qj^xkg. ^^J-^ ^*J- fc^^* W{7]7] ^ 

fe. UlSii^WH :a-8-*H# 1^*Rr BaO, Bi.03, CaO, CdO, CeO,, 

CoO, Cr 2 0 3 , Fe 2 0 3 , HfOz, K 2 0, La 2 0 3 , MgO, Mn0 2 , N a2 0, Nb 2 0 5( Nd 2 0 3> NiO, PbO, 
Sc 2 03, SmCfe, SnOa, SrO, Ta 2 0 5 , TiOz, U0 2 , Y20S, ZnO, Zr0 2 S o]=.«^^l ^7>#$ 

10 
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f-ofl ^Sr}^, o^jt. 7>^o] 71-?- ^-g- 7] Al^l g>ZL ^*>^ 

£rS. 71^71^- ^71 ^ S^nf. ZLE]J1 ^7] 

71, *hfc, ^ -§-), <g*^ ^ (7>«a-dL^) ( ^^^4 ^7># S^gsHr 

H o v ^-i: t^^l^ 7l^-l-(Porosity)4 7l^-S.<#(p 0 re Shape)-!: 

^7} 91 JL, ^ 7)^1:4 7l^-£o^ ^ cfl^^l# afl^^ cf<£^- 7]^S 

^^171^ 71 ^o] gj^. ^-^ ^l^sj-^ ^.^^^r « o v^o.s tfl^xv^- 

SZcf. -S- ^^°11 Sl*>Ql 711^ £1 20x20 mm ^ ^ ^-t]"«># ^> ^-^^ 

* 0 1**H, E] H4-^Va}-# al-g-^O, Pb 711 ^l5.w.i^l-olS(PbTi03 (FT), 

11 
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Pb(Zr x Ti!- x )03 (PZT). Pb(Mgi /3 Nb 2 /3)03 (PMN) , (I-x)PMN-aPT, Pb(Zni /3 Nb 2 /3)03 
(PZN), (I-x)PZN-aPT JL-M 2i^9] Pb Tjl 3j]^ti.^7Vo]E j7^.^i cj-^^ 

^r^^-l- ^R3°l o-^tb (l-x)Pb(Mgi /3 Nb 2 /3)03-(x)PbTi037jl^ 

c^3*fl3. *H , =l ^^^s] all- ^^sl-TlM- zl -ipj zp.^^«^. 

*l-8-€ (l-x)Pb(Mgi/ 3 Nb2/3)03-(x)PbTi0 3 Columbite precursor^ £.3. 

(4MgC0 3 - Mg(0H) 2 - 4H 2 0) ^ ^ ^^.#(Nb 2 0 5 ) ^-i- <H]fM-°flAi ^ *8 ji , 
HOOTCH ^l^oj q^L-g-A]. ^^(MgNbzOe)* *} 

^€ ^-2.-^ °>ZLMl^^r ^Vsj-^CPbO)*}- o l<L>5}-^^-(Ti02) 4 
A l 850r°fl^ 4Al^#o}- S}-iSH ^^^o.S. 

(l-x)Pb(Mgi/ 3 Nb 2 /3)03-(x)PbTi03 ^^cf. <^7H l)_£.#a> u^v)]^ 

^sj-E^o] u]^. ^.^H (l- x )Pb(Mg 1 /3Nb 2 /3)Q3-(x)PbTi0 3 < ) fl^ x&°l t}=. «. 
*fl^a^. °^7}-<y-^ o.jl «n s v ^^(^ 10mm, ^o) 3mm)l- ^ 
cf^l 200MPa^ «y-^o.S ^^<&*}<%^. 3.^ Aj^i, oj^o] 

(Pt) £7>U) oVofl^ «H^£ o^o,] ^^JL ±^}<^Jl t i^oj) «^ 7l « 

^ A 1^ ^^^^"(PbZrOatPZ]) ^ a>^^ -g-lMr ¥<H # $\ 

(l-x)Pb(Mgi/3Nb 2 / 3 )03-(x)PbTi03 (a) x=0.32, (b) x=0.5o_5. s 

^ ^ 1200°C°fl>H HH# ^-5}%^. n. ^4 Al^^-o] d]^^ a> 
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^2°fl M-eH- oicf. o]^ PMN-PT^ ^^.g. m)9\ igsj-, ^ PMN4 
^ £sHl 0 J^f 7]^o] og^^cf. ( a ) 

x=0.32(PMN/PT=68/32)tl ^-f<Hl^- <y*]- §£7f $<gj^. <a-8# v+Ej- 

tfl^cf. HB^uf ( b ) x=0.5(PMN/PT=5/5)°l a]^^ <lH!sM- 0 l 

£3-. °}t= (l-x)Pb(Mgi/3Nb2/3)Qr(x)PbTiQ3°fl^ xSt, ^ PbTi0 3 ^ h^o] 

<^*H 2> 

(l-x)Pb(Mg 1 / 3 Nb2/3)03-(x)PbTi0 3 ^l o 11^ (tetragonal ) 

(rhombohedral) MPBCMorphotropic phase boundary)^ 

(0.68)Pb(Mg 1/3 Nb2/3)03-(0.32)PbTi03 2l*& -^-E-^l o] ^ MPB S^j -f 

^rtr ^H)-8: ^-°Jcfji ^14. 4^ ^Al^oflA^ MPB 2-^3 

(0.68)Pb(Mg 1/3 Nb2/3)03-(0 . 32)PbTi03 €M-£- #7l aj A ] <4 ^-o] 

Columbite precursor ^.2.5. ^l^^f^cf. ^z.^uj- ^Ja] ofli-cf^ t 

-E3£r (0.68)Pb(Mgi /3 Nb2/3)03-(0.32)PbTi03^ 2-8 <±H 5Lf^ Mg£) <£ofl 
t^H 8%S] MgO# ^7>tr 1200 r<H]^ 10*1 # ^f-o.^*] ojcvj 

^1 Al^oj nl^s^i Af^loluf. Mg o] %7}S\x) i^^Vo] ^ 7 ].^ 

°J*riU} 3«fl ojAV HJ1> 3*,) oj^o] 37 , « i7> o]^ *£( B imodal 

distribution of grain size)* M-EKfl7l nfl§-oj] ( o]^- £tfl5. ^#0] 
iMid^vg- ^ 5U £f. 

£4^- (0.68)Pb(Mgi /3 Nb2/3)0 3 -(0.32)PbTi03^ g-^ofl 8mol%£} PbO* ^oj 
^7 r tb 12001C °1H lOAl^V 1^ Elf- Al^o^ n^a^ a> 

13 
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^l^lcf. #7l £3^ ^-fSJ- ^-o], Pb0 7l- sf^o.S. ^7>S1^ »7lM-(£2a). 
^7>£ ^-fofl^ *<j# <g## M-EfiflSac].. ZLEiuf ojtfsj ^ 

4%=21 Pb07f f^H-E, PbO^l <£o] ^ 7 }ig ^ h)^^J. oj^s. 

H^ofl^ q-^q. fl*] &*1^, (0.68)Pb(Mg 1/3 Nb 2 /3)03-(0.32)PbTi0 3 ^ 
1H1 Nb ^ Til- ^7>^r ^. ^^-ofl^ <a##o] 

q^# °j^#* ^i^q^ 3* ^ sa&q. 

<^A]aj) 3 > 

#71 ^A]6fl 1 ^Al 0^12011 A-l^ (l-x)Pb(Mgi/3Nb2/3)03-(x)PbTi03^Hl^ X 

7> <U^# °l#<d ^ q-£3*HS] ^##£-3] 2:^Hl7> 7^ 0.14 Mg 0 

PbO ^4 ^ q^^lS] ^##S"0] ^ 7 >^ Tj-Ooll Hl^Aj- 

°1 ^<H\+4£r 3* J±<^$}q. #*HHH*r Ilfetcq p b07 > ^7>^ 

(0.68)Pb(Mgi /3 Nb2/3)03-(0 . 32)PbTi03Sl £-iHl Mg# ^^^.S ^7>*>7iq- 

Til ^ ^-fSj oj^ ^ ^o. ^.^^4 ^a H ] X ^ Aj A ]^ 2 ^ ^ 

£ U-^ O.S. ^12:^1 (0.68)Pb(Mg 1 / 3 Nb 2 /3)03-(0 . 32)PbTi03^ S?-^^ £#*fl 

Mg£] °<H1 cfl«fl>H 15% -^t!r 2:# .2. 3.-^ i 5%7 |. ^ % 7 }Q S^l-g; 

^ls^^ q. 

£5^- ( 0 . 92 ) [ ( 0 . 68 )Pb(Mgi /3 Nb2/ 3 )0 3 - ( 0 . 32 )PbT i 0 3 ] - ( 0 . 08 )PbO S# ofl ^ 
Mg^l °<HH (a) 2%^1 Mg7> 3£#(-2Mg), (b) 1%^ Mg7l- 

^ S#(-lMg), (c) 0%2l Mg7f a#(0Jfe)4 (d) l%sl Mg7V aj-ojoi s 

#(lMg)Sl ^31* 1200°C<HH 10^1 # Al^-i-o] nl^^a] Af^l-s. 

°iq-. #71 ^ a^sMM ^^l» ^^eltb (b) 9J (c)Sl 7| 

14 
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O] O^^]^- ^^O] TjJjLofl Hl^Aj- OjA^oj (a) 

^ Ug7} l%^.cf ^t!- ^cHHi!r al^^- <y^^-£ <a<Hu)-^ ^ji, 
°J^>-1-^ ^ 3711 <32]l£l&cK ojsq. ;£oj, Mg7 > <^^^= 3}. 

-¥-^ ^-f . ^ Nb7> j^o] %°-d\]^ 7 ]*]Al. oj*}.s.o] ^^.4 y| 

^ A o v s.^7> ^lsq^cf. zl^u}, (dHHfif go] <y^^=o]^ ^ ^ 

fit J±5S^K 

^•71 JE52] ft!- oil BaTi0 3 ^JL 1200 t«M 10^1^ <i 

-*H^ 2-s°iM3r ^tfs. M^iE ^#*}*] 

Hl^-S- ^j-Sf 7l*l# 371 ^H7> 7^ til^V <y^^-o] 

°1 *l€#CE5(b) % 515(c) HH^ ^> ^^o] ^^SStf. ZLE^ uf 

^ ^^-a- a o V «fl*>^ M^cM 37l Ol AVO^ ^SV*! ^f^JI, 2 

zisiq- s.6(bHH<4 ^©i i%ol^o] Mg7 |. ^^o| 2.^0^1^- ^ i^^M ra} 

^^*}<%J1, ^13 SL3. H7l f i7l- -g-^l-JL H|^-y- <y^>#^ 37 ] 

<*H1 rt)-eH MPB 2^fi] PMN-PT ^^^^ Jl^^o. 

3. ^^-A]?l7l ^^A^, M g0 ^ PbO# ^oil ^7H>^ ^ 

<^Al<^l 4> 
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^£.3. %7}& (0.92)[(0.68)Pb(Mg 1 / 3 Nb 2 /3)03-(0.32)PbTi0 3 ]-(0.08)PbO &*k-& *\] 
21*}% H , £3 HJ-^o] cfs. jg-y-^al BaTi0 3 3vl3-§- #7] S-^ofl 

S.7-& (0.92)[(0.68)Pb(Mgi/3Nb 2 /3)03-(0.32)PbTi0 3 ]-(0.08)PbO 3^$<$*\ 
S.^^ Mg^ ojrofl/^ i%o^ Mg7 j. ^ojo] ^ (lMg)fil -g-lH] ( a ) ( 10 o) 

(b) (110) £ ^ (c) (111) ^^1 BaTiOa f^l- ^-JL 1200 t4M 

10*1*]- l^elt!- *1£<>IH PMN-PT &^^r iL^fe- Xtf) 

l-o]c]-. e^^-aVhI-^ PMN-PT ^Tfl^l- J^^Mr 

^ ^»S^-e^ ( e] fKVtJ]--!- ^> PbO ^ 

$H\-5L PMN-PTSf ^a}*}^ PMN-PT cf^^^l <£^3 o.^. 

^ , H]^w># cJ^^jo] PMN-PTSf 2z^o) cfe.rq.j7 sflj£ o]§ ^ 
^3-2-3*1 °}-%-f>}°! PMN-PT ^*Va]zJ ^ <£ ^ oj^cf. 

(a)4 Qo] (100)^^ BaTi0 3 f^V Af-g^ ^-f^ ^3h3°l 

(100 -f}-*l*}-£ ^ ^£^ 20 tm/h %5.g. ^nf. HV^ofl , 

(110)3 £ (111) 1 *! 2} 3 ^H}--^ ^ Aj-g-t!- ^^Mlfe ^£7f 

100 ~ 300 /Wh M-Efuf (lOO)^ofl a]*IH ufljf t^cf. ZL&m (111)3 

3 #4 3"^^ ^#3°1 (lll)^A^ ^lS^l ^^J7 #Zj-$ 

3 ^^r 3^ PMN-PT ^^-g- ^I2:*l-7l7> <H^ : go.i4 f 

(110)33 3^-§- *}~g-*l-3 ^ ^51 IE m>ejl, 

PMN-PT #l^-§- ^ SlS^. 

£8^r (0.92)[(0.68)Pb(Mgi/ 3 Nb 2 /3)03-(0.32)PbTi03]-(0.08)PbO S^oflA^ 
#31 Mg^ <#oflAi Mg7 |. 3j.ojoi (lMg)sJ BaTiOa ^> 

3^3-8: Ir-H 1200 M*! 20*1 # 1*1 3 th *1 3*11*1 PMN-PT 

iL^Tr A]^o] Sll^Al-^lolcf. o] Af^lollA^ A]^ i^O] ^O o Vo]]Ai ^ 



1.5cm o)$si\ 3.7)2) PMN-PT °1 ^^91^. ^ 20*\l}2] &7}l} 

3. 1.5cm °l#£l 3.7}% ^ PMN-PT ^^o| q-Ej-iflfe- % 

olcf. se^ ^^AVuj-f- ^> ^^-i- 1%4- Mg<>l ^ ^7 r € 

(0.92)[(0.68)Pb(Mgi/ 3 Nb2/3)03-(0.32)PbTi03]-(0.08)PbO ^ #$*H $H 

-H 1200"C°1M 20*1*!; ^sltr ^-f<^l£ ^l^l^Ej PMN-PT 

^^M-, ^ v #3*fl ^3 ¥fe 5fcW cf^^^] 

#71 ^HU ^fl*l ^M14» ^-tsfl, (l-x)Pb(Mgi / 3Nb 2 /3)03-(x)PbTi0 3 ^)^ 
*\ x&°l °1#S! . ^ ^^^-2] 2i^v}7} igSHr ^-f 

uf, PbO, MgO°l ^7>^ Tj-O , ^ tf^^SflSl ^ 3^ $7} 

^ ^-f°fl al^# <y##o] ^cH^o. o s v - ^ojtj-. cfA] i^a, wl^^v 
Pb, Mg, Nb ^ Ti^ ^7]-#o]| rcj-ej- ^^1 5£^ zz. 

°1 ^sWb 5J^r ^ri>*r£i=f. PMN-PT ^^^}7) £l*H 

PMN-PT^ z]- ^##M S^a]# ^sj-JZ 4^ ^A^«-g- ^ + ox 

^3^4. neluL, °1 ^ ^ PMN-PT ^r^^-i-^: cj-A] ^ 

A #1^-2-5. o]^.^ t 3^,2. ^-o.q. PMNsf PTti]7l- 4€- (l-x)PMN-xPT ^ 

<4J*l°fl 5> 

^ til, ^7>#5l f^-sq- ^-%=), ^7l(^- 

71, SE^ -^), ^ (Pressure Sintering), ^#%=, ^-^71 ^-^ 

17 



(Atmospheric Powder)^ S7]-q^ ^-g- #^fl -f-^- S^*]-^, ^^^jsl 7l 3|- 
7]* -f-^: SSM^I ^ 5^. cf^^^l vflo} 7l ^.o. -ofl # 

i^-*>*l , 71^-8: i^Hr ^71 cf-E- 7]^ H71M- S.<# 

*>7l Slf MPB S^s] (0.68)Pb(Mgi/3Nb2/3)0 3 -(0.32)PbTi0 3 A y A 
9\ <$9) ^ pbO ^ MgO» ^7>*H ^-E- S-^l-g- 1200°C°iH 1*1 # ^^tl: 

[5. 1] 



^\PbO 


0 


2 


8 


0 


98 


96 


93 


1 


97 


97 


94 


8 


97 


98 


94 



A J"7l i4eJ-\+ £o) t (0.68)Pb(M gl /3Nb2/3)0 3 -(0.32)PbTi03 3z<% 

^£ ^ 371 n]^ o] <£^3_o S £*]-£i=r. 4^2] MgO ^ PbO 

7> ^7>sl^l ^ofl Si^i ^cfll£^ o}= 98%ol^o.q- > 8mol%^ PbO 

7} ^-2-5. ^7>£l 2^°} 7^ 0.0^ 93%S . ^^^Cf. ^7fS)^ PbO^ <£ 

°1 ^7>^^- ±^}S] <^^^O.S. ^*>^ZL, 71^- SI H7l£. 

^ ^£7> ^7}*}<%JL 7)^-2) 3.7) 5. #±Z}<%Z±. Mg07> %7}S\ 

*1 ^^M- *M1 ^7>^ 32].^ p bQ7 |. ^o] ^ 7} Q ^6\)^uV ^} 
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SL3.^b\ PMN-PT ^ 919XJL, °] ^^s] H5.7} 

MgO°l 37>€ AjsgoflA^ PbOl- ±^ =87>SMS. ^> # 

PMN-PT ^"11 ^o] ^^*>^7] nfl-g-oll, o] ^-o ^_£ 7 |. 
^]°fl-H 53°1 ^£7} 97%o1at-o] pmn-PT <S-g- 

A oM £1^] S^s] ^-^1-* -g-^7HH 50MPa^ ^^AS 7>.<y- ±. 

*r SZ^^f. 2}-^ Pb07> %7}& -go] ^ 7 }^ 

#£7} 50/Wh ui^- ^^cf. ZL5]uj- PbO ^ Mg07f ^^-§1 $7}& 

^^Itt 99%<>1^ ^ ^ ^ 5tl$m. jEtt 

<g^^^ ; nfl-f ^^^j- pmn-PT ^12:1- ^ SU&i}. ^ 

U-'fH ^*fl, ^3*113 s^^H t 7]^ i-f-^q-, ^ *1 

PMN-PT #^-§- afl^ ^ 9l°-E-S-, Qf>}^ 71^-1-^- 
PMN-PT M^«-§- cfl^= ^av^- ^ oicf. 

<aJa1c4] 6> 

£.5.^ 7 ># <=t^ °l-§-3±!. 91^ Pb(Zr x Tii- x )0 3 (PZTHH «1* ^ 

3W7l7il4, ^ HL^r ^7H11- 4^ ^7>f-0.5.>W] til^Aj- ojAj^-o. 

PZT ^lSs-l-^cf . PZT ^-gr PbO, Zr0 2 , ^ TiCfe ^rW^: 

1:^^*]-^. 800°C^lAi 4^1^; -§-<?> ^*Vo^ ^*>5a4. 5E^ ZrCfe, 
^ Ti0 2 -el til^^ s^^oi PbCZrxTii-x^l^ x&oi ^ ^-^1-^- Tfl^l-^cf. 
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£.3. ^ s§*$2lK*\73 10mm, feo] 3mm )1- cfA] 200MPa^ 

tf^-S-S. ^^^V^cf. £!k ^*fl*f £7] .q oj-oflAi 

*H -ir^¥i i^S^ol, ^ofl «.^ 7 ] ^ = SAV^-( PbZr03 [p Z ]) 

^ PbO ¥<H PbO£] ejaflsHttK 

£9^ (0.9)[Pb(Zr x Tii- x )0 3 ]-(0.1)PbO 2^°1H x #o] ( a ) 0.6^ (b) 
0.25°] ^ ^af|#-§: 1200 °C ^1^-1 3*1# Aj^s-o] n]^a] a}*}s-o] 

4. (a) x=0.6<y 3.7) ^<£# ^Aj. oj^^j- 7^3. i^E^tfl 

Satf. Zl^q- PT ^^^= o]Aj.o] a x =0.25*l (b)3 ^-f^Mfe 

Pb07> %7}S\i£ hI^aj- ^ 
Pb(Zr x Ti 1 - x )0 3 o fl^ x& ^, PbTiOs^ h1#o] <^&°} 2^oj| jjj.^ Pb07>- $7> 

5L10-& (0.9)[Pb(Zr x Tii- x )0 3 ]-(0.1)PbO (x=0.25) ^ 9} 

°\] BaTi0 3 £r^^- 1200 °C ^1 *| 10*] i^tl: 

olcf. PbZr0 3 ^ ^, x o]aj.oi 30.0^ H]^Aj. ^Aj;^ ^ 

10(x=0.25)H*m ^x} M^oj ^^}^. 

£ll£ (0.9)[Pb(Zr 0 .6Tio.4)03]-(0.1)[(0.95)PbO-(0.05)Cr20 3 ] 35:43*1 
^ v BaTi0 3 1200*C°fl*1 10*1 # 

v]M]2l2\ PZT^ PbO, ZrO^ TiOa^HI ^7>=J Crj-Os^ 

^*M1» Pb(Zr x Tii- x )0 3 (PZTHH£] hI^aj. ojAj;^ PZT 

<hhs] p 5Ti03 ^.^oi ^7}*}^ «a°m-ui Pbo ^ b 2 o 2 , coo, c^, 

FC20S, Si0 2l MnO, MoQj, Nb 2 0 5 , NiO, V 2 0 5 , W0 3 , ZnO -f-^ ^7>-§-o] ^7}^ «1 

4. 4^1, Pb(ZrxTii- x )03<HlAi x^ol 71a^ <^^o] <£6]^x) ^ 
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^tf* -fr#*Hr ^7>#^ ^7>^rf. atl- x^o] ^c} wj^Aj- 
V-ti&o] *K£*M1 ^<HM-^ al^^V ^sfe ^7>#* ^ 

^°\) 4^ PbCZrxTh-xXb^H Pb, Zr ^ Ti^ «!♦ S^TlM-, S. 
PZT ^ SUS^. H 0 V 1HH PZT 37lb 

^7lofl H]^l^a 5 . ) ^ cnHAj-51 ^^Aj-a].^. ^ cf^-g- ol-g-^-cf 

^, t cmolAj-o^ PZT x\%-&\7\\ ^^^A>^. ^ o^cf. 

<4H°fl 7> 

^. ^AjoiHlA^, PbCZrxTii-x^l^l «l^ A o v #^1^71 

lOOnm S7121 Pb(Zr 0 .5 2 Tio.48)0 3 A^fcg^ Pb(Zr 0 .52Tio.4 8 )03, -g-lHl 

PbZrOs &*t& £^-*H ^-^ -SM-i- ^lSs]-^ 4. °^^7>°d-A^ Aj 

10nm, ^-o] 3mm)» ^l-JI, e)-a] 200MPa^ ^ ^^r^>^ 

<=K Aj^^^. oj^o] «n^. £7 j-u) oj-ofl^ <^)o]] ^-sj^j7 

JE12^r l200°Cofl^1 lAl# (a) Pb(Zr 0 .52Ti 0 .48)03^- (b) 

(0.7)[Pb(Zr 0 .52Tio. 4 8)0 3 ]-(0.3)PbZr03 120(TC^H ia]£- 

Dl^lSZl Af^l-Olcf. Pb(Zr 0 .52Ti 0 .48)0 3 2^1*^ Wl^Aj- OjA^^-ol ^ <H 

ojAj-cq p bZ r0 3 7l- ^7>Sl^A^ PZT4H til^Aj- ^a^o] <£o]^ 
7l a1*J-s>£jl, 30mol% °)<#4\ PbZr0 3 7]- ^7>5]^ PZT^H <Q °> 

£13£ (0.8)[Pb(Zr 0 .5 2 Tio.48)0 3 ]-(0.2)PbZr0 3 ^ofl (111)^ 
BaTiCfe ^<H1 1200 t<*M ioa]# aI^o^ aJ^ 

21 



l OT/KR 0 1/ u U 2 D I 



PZT M^-l- J£<^fe- Aj^sl ^ A>^oiiq.; Hi2( a )ofl^sj. £oj PbZrQ^} 3 
^o] ^^-^] ZLE^uf £133|. ;£o) ^^^o}^l-oj p bZr 037V %7}S\°] wl 

^ 3 ^KH}-# ^2-7). PZT tj. 

^-¥-3. <3^3 PZT aflS^ ^ ^^cf. 

Pb(Zr x Tii.x)03(PZT)ofl^1 M-ii 37] 2] ^t-g- ol-g-*>aj <a*> Aj#s) ^ 
-S^* f7}A]?J 7J o.oH^ PbZr0 3 ^ ^7>a] a]^A o v oj^^-o] ^o^jt. 

H7l ^-Tfl ^4^. x^l f PZT£ *flS^- ^ & 

4. 

<^aH1 8> 

£14^ 40x40x7 mm 3.7)3] iqfK>-w}-g- ^^^](25g)# *fl^}<*j 200 

MPa^ 7]-^ ^ofl, 3 i^Aj-uj.-g. Aj<g*fl<*] sL^m <%6\) 33 3mm =L 

7)9\ ^ e| E^-AVuV-g. ^ c^*^ -g-iSj^JL, ^} i^Tj^ so] 135 

0°C7> ^Tfl ^T^^ S-^iel ^ ^£7} ^ ^Bfla) ^£ 71^71 7> ^ 

STdofl^ 300 A]7i -^of l^EltV ^l^A>^]oltq.. 7l*7lS. 

"t^B^l Cf^^^l-¥-^-a- °1*> SJ^^ A l ©l^ofl o^^7l nJI-g-ofl 

5- 31 ^#*H 7>5. 25 mm x 25 mm x -^1 5 mm 3.7)°] ^^jo] ^ 

7]^-7ii- oi-g.^ ^^hh °i*v Hi^-a- jm-^ 

5. 3*fl*H. ^.<ytb ?27l- 0]*> Hl^Aj- O^o} ^.g. # 

•2. 31 7}3_ 25 mm x ^lS 25 mm x 5 mm H7l o^o] 3. 

AjAlofll- ^.«|) ^ Cf^^^o] ^^6fl^ Cf^^ ^Ofl^ 
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^Jl Cf^^^] -&S.7} #5.^ ^P-Hfl* ^ ^ f-^-^*! 

<=>} ^ 9X^ ^ 5a&4. 

<^*l«fl 9> 

-£15^ B}!Hi>«># «. % v 15 m> ^o) 7 mm)-^) (m) o]^ 

(Double Twin)# 5E.^-*Hr 3 ^Aj-aj-g. #3}^:n. 1350T;<HM 15 a] 

# ^1^^ ^1^ *V*!°lch £152}- £0] ( ni ) o]^ ^ 

*i ^^^^-r-^I^S (ill) #3J°1 ^sq&j^ ^^g. i^-^i 

(111) £0. ^^.ol A^Kg. ^^l*].^cf. (in) o] 

(111) o]^ J^Rr H] ^ti>§ ^-^^-i- ^^JI, ^12:^ (HI) 

^ e] 4=711 ^ls§ ^ 9X9m. 

<^H1 10> 

£16^ ^1 & 1 g- : i-((99.9)BaTi03-(0.1)Mn02 (mol%), 

(99.9)BaTi0 3 -(0.1)Nb0 2 .5 (mol%), (99.9)BaTi0 3 -(0. l)Ce0 2 (moi%))^- zj-zj- ^ 
15 mm^ z]- 1.5 mm ^tfls. 3#*H 7>*1^ ^ ^^j-j- 

200MPa<HH ^oj- §1-^4. ^^ofl e^a]^]. 

# ^:^¥^. 135(rC°ll-H 50 ^tV <i^Ejtl- ^1^^ ( a ) ( b ) 

#^>;*lo]cf. b) E^-yj.^. ^ cf^^ o. ^ Mn0 2 l- i^-SKr ^SLS. 

Z}7] *}^is}<%Jl 7ll^*H Nb0 2 5 ^- Ce0 2 7> Aj^l-oc} E| 

^^ti>#-Mn -H-g-sfl-Nb JL-§-*fl-Ce -31 -§-^1^ t-fl «-^-o_^ ^l-M*] <£#*}ol ^ 
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SJ-1- ^ h o V^o. > ^-^*). ^17]. Jgjl&oli o^^o] -xl^^. 

Bl^Hj-g- #£3, Jl-§-^l 2:^31 E}EH4tl]"§- Pb Til 5fl 

3J|]5.ti^o]E^ ^£ .*fl35:'# ^ ^3<y ^ 

^*Hr cf^^^ll* ^EflS "M-^ l^e^^^ ^#$± ^Hflo] ^.^^ 

^ £U, E]E]-Al.4^( BaTi03 ) Rl p b 3] 3]l^_U^7|-olH^ 

^l-^n> oj-qe}, h]^a o v og^^j-o] o^o^q.^ £ s. afl^ui^^l-olE^ ^ a_v 
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1. I^s^l ^«fl a a M$*Rr 3)]S.J±^7}-0]Ei§ ^ 

£3 D"^. 

2: ^M^^ till- S^SRr ^ s^o s 

3. *fl 1 *cMl 54°^, Aj-71 #7lKb)^ 1*1^, a o v 71 3H5.ti.^>o}B^ ^P- 
^3tt *>^- 5ll5.y.^).olEi§ ^ ><V^9\ Aj^- H 0 v«j . 

3^*IH] , SrS.7} 4^^^ ^HItt -8r£7> ^g- ^£ 



25 



^°l°fl <^*cM: ##^r ^71-f-g: ^-*}o_S. ^7>^ s£ *HH 
'3. 

6. 2 5Ett all 3 * 0 H1 # 7 ] t^^afl^, zj- ^^£4 «| 7l . 

7. 1 ^ ifl*l 5 *J- ^ $ *M Si^, 

^ $H1 ^r^¥7lM-, -S-i^H] #£3^ ^#ZL ^^MM-, 

8. *fl 1 ifl*l ^]5^^ & %H1 2M>H, 

AV 7 ] «Vigofl ^*fo^ afl^^l 3flS.^.i:7'>o]H^ ^- 7 ] t£ 

9. *fl 6 *<H 91°]*], #7) #£3£ e)b}-av uj.-g. ^ e]^aV 
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10. 4 1 ^ tfl^l ^1 5 ^ tl" 

^*1H^H ^ ^*Rr ^7ji» c| i^sRr 

11. 1 *J- ifl^l 5 ^ ^ ^j-ofl oio^, 

, 7>^- 71*1*1 &JL €*Hfr *§ A cM: 7>*1^ ^1S 

12. 1 %V tflxl ^1 5 *o V ^ $ *<H1 5a°H, 

7"1 M" Cf^^^lSl i|f£, dt^ &$\7}2\- ^ f-g; ^^}^, 71^-1-4 

7l^^l EL7)3± 5L<#o) cf-g. nf^xfl!- ^Tfll- C) , ^ 

71^-^1 H7lSf ^H*VJ1 ( 71^ 

4 4°o 1 ^ 7l^f; -g- 7>*1^ ^l^s>^ t&7\\% ^°J^r 

*}^r 3llSjEi^l-olB*§ ^-Sl 

13. 1 1 tfl*l ^11 5 f f t %H1 5a<>H, 

^-71 ^KaHH 5ilS.ti.^i^lB.^ ^-2: -y-sj-l- t^^Jflfe, 
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?HH ^Sofl JL-g-o] s)±r -g-*) ^i^AS^-Ei £^ §>i4 ZL ol^Voj 

be^ ^^^^ s^^«H7]- ^^l^ ^<y# 

14. 1 %V cc^ ^]] 5 ^- ^ o]^ tg-ofl oio^, 

A <M ^KaHH (HI) #3 (Double Twin)-§- £f*fb Ej^&HVi- 

^vM^j-i: °l-g-*H (111) o]^ #3 (Double Twin)°l tj-^afl 

15. 1 # vfl^l 5 # <Hii ^ %M] 91°]*], 

16. 1 # ^15^-^ o]± & ^H] #o]jq t 

-H-g-*H# ^*Hfr BaO, Bi 2 0 3 , CaO, CdO, Ce0 2( CoO, Cr 2 0 3( Fe 2 0 3 , Hffc, K2O, 
La 2 0 3 , MgO, Mn0 2 , Na 2 0, NbzOs, M2O3, NiO. PbO, Sc 2 0 3 , Sm0 2 , Sn0 2 , SrO, TaA, 
Ti02, U0 2 , Y2O3, ZnO, Zr0 2 £- °}^-°]^. ^7}^^°S.^B\ ^.q. £ ^ ^ 

17. *fl 1 vfl^l 5 *J- ^ oic^^, ^j. 7 ) ^-TJKa)^ f^}- # 
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18. 5 ^-ofl olc^Ai, 

^-7] Hl^-S- <a^^- A]^ f£f A1 2 0 3 , BzOa, CuO, 

Ge0 2 . LiaQs, P2O5. PbO. Si0 2 . V 2 0 5 S. °l-¥-<H*l ^7ff- 5o.3.-»M1 *if»fl ^q. 

19. ^ 6 ^-ofl 9X^^\, 

(l-x)[Pb(Mg 1/3 Nb2/3)03]-x[PbTi03] (0 < x < 1) (PMN-PT) tf^*fl<?] 3J<y^- ^ 

20. afl 19 %H1 5tW*i, 

A oM I^S^, #71 4^^^]^ ^^^-o] PbO ^ MgO ^MS. 

21. all 6 *<M1 SZ°H, 

^-7] Pb 711 3flJLU^7l-olH^ ^2 ^SH- 4^*11^, PbCZrxTh-jOs (0 
< x < 1) (PZT) ^^*l)9l 3^-8: ^'AS. ^ 3ll5.y.rii7>olH^ ^ 

22. *fl 21 ^ofl floH. 
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<#7] I^^T, ^"71 Cf^Stf^ T 1 ^^! Pb07]- ^^l^Cf 3ffO^ 

23. *H 21 %H1 5^1, 



ABSTRACT 



The invention relates to a method for growing single crystals of 
Perovskite Oxides. The method is characterized by comprising the steps of 

(a) contacting a Perovskite seed single with a Perovskite polycrystal and 

(b) heating the contacted crystals to grow the same structure as the 
single crystal into the polycrystal, the heating is controlled 'under 
conditions which abnormal grains growth is induced in the contacted 
portion while repressed in the inside of the polycrystal. The method for 
growing single crystals of Perovskite Oxides according to this invention 
has an advantage to provide an effective low cost in manufacturing process 
for single crystals by using usual heat -treatment process without special 
equipments. The method for growing single crystals of Perovskite Oxides 
according to this invention can be also applicable to other material 
systems showing abnormal grain growth behavior. 
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